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The Coastal Zone of Texas contains the most diverse grouping of
valuable natural resources in the State. Three and a half million
persons presently Live within the Coastal Zone and the population
is expected to double by the year 2000 AD, Transportation is an
essential element of its development and the demand for transporta-
tion is increasing much faster than population. Careful planning
and appropriate action by the State is required if the projected
growth ts to be accommodated with minimum zmpact upon the
environment.




. the state.

- sQurce area.

INTRODUCTION

The Coastal Zone of Texas covers
the 36-county area shown in Figure 1
~and extends 10.35 miles into the Gulf.
This area contains the most diverse
grouping of valuable natural resources
in the state. Because many of these
resources are irreplaceable assets be-
longing to the people of Texas, they

should be conserved, developed and pre-
served in accordance with the goals of
Inevitable pressures of ur-
ban, commercial, industrial, and agri-
cultural growth are causing a general
degradation of the Coastal Zone envir-
onment which will worsen unless steps
are taken by state and local govern-
ments to safeguard this valuable re-
Thus, the 61st Legis-
lature of Texas authorized the estab-
lishment of the Coastal Resources Man-
agement Program. This transportation
study is one of several studies spon-
sored by that program in an effort to
identify the actions required to safe-
guard the environmental integrity of
the Coastal Zone for future generations
of Texans while fully utilizing coastal
resources.

. Three and a half million persons,
about one-third of the state's ponu1a--
tion,lived in the Coastal Zone in 1970.
It 15 one of the fastest growing areas
of the state—b#e Population has more
than doubled in the last 30 years. Re-
cent population estimates for Texas pro-
Jject an increase from 3.5 million in
1970 to 6.0 million in 1990 for the 36
counties in the Coastal Zone. If this
expected growth rate actually occurs
and the rate continues through the year
2000 AD, the populat1on of the Coastal
Zone w111 double again during the next
30 years(1970-2000a0),

H1stor1ca11y, the demand for trans-
portation services has grown much fast-
er than the population. During the
past twenty years, the nation's popula-
tion has increased by about 33 percent
while intercity freight movement has
_increased more than 50 percent and in-
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'tercity passenger travel has more than

doubled. Recent studies of urban trav-
el characteristics in Texas cities have
revealed that the number of daily auto
trips per person has increased about

50 percent over the past ten years.
Thus, the demand for transportation in

the Coastal Zone could more than—triple

in the next 30 years.

The transportation system serving
the Texas Coastal Zone includes major
elements of every existing mode of
transportation. Eleven ports serve
ocean-goina ships, and the Gulf Intra-
coastal Waterway connects the Texas
coast to an extensive inland waterway
system serving the heartland of the
nation. Eight airports in the Coastal
Zone are served by scheduled air car-
riers. The area is criss-crossed by
numerous pipelines carrying crude oil
and petroleum products. An extensive
network of almost 3000 miles of main-
line railroads serves the region and
connects it to the rest of the state
and the nation. About 12,000 miles of
highways form the backbone of the total
transportation system serving the coast-
al Zone. 4

Some of these transportation facili-
ties are presently operating near cap-
acity while others are not utilized to
more than a fraction of their ultimate
capacity. Thus, the problem is to iden-
tify ways to serve the rapidly growing
demand for transportation with minimum
costs and minimum detrimental effects
upon the environment. This implies a
more effective utilization of the total
transportation system serving the Coast-

~al Zone.

This project constitutes an initial
planning study, at the macroscopic level,
for a total transportation system to
serve the Texas Coastal Zone. The pri-
mary objectives are:

(1) To identify broad alternatives

for future development and tran-
sportation systems;
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(2) To evaluate the probable conse-
quences of each major alterna-
" tive; :
(3) To identify critical relation-
ships between urban form, land
use, and transportation systems;
(4) To outline general guidelines
that can be used to insure com-
patible developments in the fu-
. . ture; and -
~ (5) To identify specific actions that
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the state can take to help insure:

an effective future transporta-

tion system which will have mini-

mum impact upon the environment.
Since this is a transportation planning
study at the macroscopic level, consi-
dering broad alternatives for future
development, it does not replace the
numerous detailed planning studies for
each transportation mode, but rather,
it should complement them. o

COPARISON OF THZ MORTHEAST CORRIDOR
AD THE TEXAS CCASTAL ZGiE

The Northeast Corridor stretches from
Washington, D.C. to Boston and includes
such cities as Baltimore, Philadelphia,
Newark, and New York City. More than 20
percent of the nation's population is con-
centrated in this region which includes
less than 2 percent of the nation's land
area. It is not surprising, then, that
the Northeast Corridor is facing some of
the most severe urban and transportation
problems in the nation. It is surprising,
however, to realize that the Texas Coast-
al Zone resembles the Northeast Corridor
in many ways now and might possibly look
even more like it in the, future. Thus,
a comparison of these two regions can
provide information that will be useful
in helping the Texas Coastal Zone to
avoid many of the problems now plaguing
the Northeast Corridor.

GENERAL CHARACTERISTICS

Some of the geographic similarities
become apparent when maps of the two
areas are drawn to the same scale and
-placed side-by-side as presented in Fig-
ure 2. The two regions are about the
~same size and shape. The Northeast Cor-
ridor, as defined in other studies, en-
compasses about 57,000 square miles.

The Texas Coastal Zone, as defined for
this study, includes some 33,000 square
miles. Futhermore, the distance bet-
ween some major cities are equivalent.

Obviously, both regions contain ex-
tensive coastlines with bays and harbors
serving numerous major seaports. The
availability of water transportation has
had a great effect on the location and
growth of cities in both regions. The
cities are major transportation hubs
serving a large hinterland. This has
resulted in a high level of industrial
activities in the cities. Thus, the
major developmental forces acting on
both regions are similar. '

Contrary to popular belief, the North-
east Corridor is not just one huge city.
In fact, less than 10 percent of the land
area is urbanized. About 3 percent of
the land area of the Texas Coastal Zone
is urbanized. This means that about 90
percent of the land area in both regions
is rural in nature.

The population of the Texas Coastal
Zone may double in the next 30 years,
increasing from 3.5 million in 1970 to
7 million by the year 2000 AD. The North-
east Corridor experienced a similar rate

- of growth when it was at the same stage

of development. Its population increased
from 3.6 million in 1820 to 7.2 million
in 1850. Indeed, the data presented in
Figure 3 indicates that these two re-
gions have very similar growth patterns
except that the Texas Coastal Zone is
about 150 years behind the Northeast Cor-
ridor in overall population growth.
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FIGURE 3 PQPULATION GROWTH OF THE TWO REGIONS
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The population of the Texas Coastal Zome may double in the next
30 years. The Northeast Corridor experienced a similar growth
wvhen it was at tre saw stage of develorment. These tue regions
ezhibit similar grouth patterns if the Tezas Coastal Zome i3
assumed to be lagging the Northeast Corridor by l$0 years.

The population of Texas Coastal Zone
will probably never reach 42 million,
but it will increase enough to create
the potential for many of the same tran-
sportation problems that are now evident
in the Northeast Corridor. A closer look
at some of these transportation problems,
and the types of developments in the
Northeast Corridor, can yield information
that can be used to avoid them in the
Texas Coastal Zone.

*

INTERCITY IRANSPORTATION

Transportation systems serving both
of these coastal regions include major
elements of every mode. Considerable
rail, highway, and canal networks con-
nect both regions and their extensive
ports to large inland areas. Conse-
quently, transportation is especially
important to both regions in two ways.

. First, the transportation industry it-
self is an important sector of the eco-
nomy; second, nearly all economic ac-
tivity of both areas is heavily depen-
dent upon transportation services.

Between 1950 and the mid-1960's,
substantial improvements were made in
intercity travel conditions in both the
Northeast Corridor and the Texas Coast-
al Zone. Construction of new highways,

especially the Interstate system, and
improvements in automobiles resulted in
a 30 percent to 40 percent reduction in
driving times between major cities. The
introduction of jet aircraft decreased
flying time by a similar percentage.
The advent of relatively light-weight
diesel-powered passenger trains short-
ly after WW 11 also resulted in improve-
ments in intercity rail passenger ser-
vice. However, these trends toward re-
duced intercity travel times have al-

" ready reversed in the Northeast Corri-

dor and they appear to be bottoming out
in the Texas Coastal Zone.

Intercity highway facilities within
these heavily traveled corridors of the
Northeast have been appreciably better
than in directions perpendicular to the
corridors. Thus, the transportation
facilities themselves stimulated growth
along the corridor—small communities
developed into large communities with
economies largely dependent upon the
major.urban centers. These new urban
developments generated more traffic
along the corridor requiring more fac-
ilities which in turn stimulated more
growth in a seemingly never ending cycle.
Considering the long lead times between
design and construction of major highway
facilities today, it appears that inter-
city travel times in the Northeast Cor-
ridor will continue to increase during
the foreseeable future.

Aircraft and terminal delays at North-
east Corridor airports increased more than
20 percent between 1968 and 19639. These
delays declined somewhat during 1970, but
the long term irend indicates that air-
craft delays will increase in the future.
Such delays, combined with increasing con-
gestion on airport access roads, have dres-
tically reduced the attractiveness of air
travel between cities within the Northeast
Corridor.

In an effort to counteract the deter--
joration in intercity travel along the
corridor, a new high-speed rail passeng-
er service was inaugurated in January
1969. The Metroliner, using new eauip-
ment and improved roadbed, achieved a
one-hour reduction in travel time bet-
ween New York City and Washington, D.C.

5



However, the Metroliner equipment can-
not achieve its full potential on ex-
isting roadbeds due to numerous curves
and grade crossings. Nevertheless, this
form of intercity travel has diverted
many passengers from airplanes and auto-
mobiles.

The Texas Coastal Zone has not ex-
perienced such severe problems in inter-.
city travel; however, the long term trend
toward improvement has bottomed out.

- —0Overall intercityv travel conditions with- _

in the zone are probably better now than
they will be at any time in the foresee-
able future. As its population increases,
the Texas Coastal Zone will begin to ex-
perience many of the same problems as the
Northeast Corridor.

It is interesting to note that the
distance from Houston to Corpus Christi
is the same as from New York City to
Washington, D.C. In fact, the distances
from Houston to San Antonio and Houston
to Dallas are also similar. Existing
traffic volumes along these corridors
are not yet sufficiently high to support
a high speed train service like the Me-
troliner. Eventually, however, these
city-pairs may need such a service, so
future plans should consider this pos-
sibility. : ‘

The Texas Coastal Zone is in a far
better position to plan for future pro-

“blems than the Northeast Corridor. Al1
of the Coastal Zone lies within Texas
while the Northeast Corridor stretches
across 10 states and the District of -
Columbija. Hence, Texas has an opport-
unity to apply any lessons that can be
learned from the history of the North-
east Corridor.

Probably the most important Tesson
is the need to recognize the permanency
of travel corridors. Both intercity and
urban transportation facilities represet
a permanent commitment to the movement of
persons and goods between areas of major
activities. The need for transportation
services will continue even though the
facilities may change drastically. Thus,
a major transportation facility should -
be considered as a permanent commitment
to transportation—not just a highway or
railroad.  Wherever possible, sufficient

- REVIEVWY COPY
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right-of-way should be acquired to pro-

‘vide future flexibility for the corridor.

This will enable the Texas Coastal Zone
to better meet the transportation needs
of the future.

URBAN TRANSPORTATION

The population of the Houston area is
now only 1.7 million, but it is expected
to exceed 3 million in the next 30 years.
Thus, a comparison between Houston and
Washington, D.C. (2.5 million) as well as
Boston (2.7 million)should provide useful
information for future plans in Houston.
As shown in Figure 4, Houston presently
covers more Tand area than either Wash-
ington or Boston even though its cooula-
tion is less. This is indicative of the
lower overall population density in Hous-
ton which is largely determined by.the
type of housing. More than 70% of the
residents in Houston live in single-fam-
ily houses compared to 50% of those in
Washington, D.C. and 40% of the Boston
residents.

FIGURE 4 COMPARISON OF THREE URBANIZED AREAS

These three cities provide an interesting contrast in urban
forms and urban transportation systems which may prove use-
ful to Houston.
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The population densities of both
Boston and Washington, D.C. are about
double that of Houston. Perhaps the
best way to visualize the differences
in these cities is to imagine the changes
necessary to make Houston look like the
others. Houston would approach the ur-
ban form of Washington, D.C. if a city
the size of Dallas could be stacked on
top of the existing development. The
changes needed to make it approach the
urban form of Boston are even more dras-
tic.--An additional million persais
would have to be added to several cor-
ridors extending from downtown outward -
to Loop IH 610. y

The automobile is the backbone of 'the
-urban transportation system in all three
cities; however, the northeastern cities
have a much higher dependence upon tran-
sit modes. MWashington, D.C. is served by
three bus companies using a total of al-
" most 1,800 buses. Boston, on the other
hand, has a rail rapid transit system,
street car and trolley lines, and com
muter rail lines in addition a fleet of
about 1,200 city buses. Houston's tran-
sit company operates a fleet of less than
350 buses. Even with all of its rail|fa-
cilities, Boston has more miles of free-
ways (190 miles) than either Washington
-or Houston (160 miles each).
"~ Washington, D.C. seems to be the only
one of these three cities with a thriving
transit operation. It has the highest
level of transit ridership of any city
its size in the nation, and all three
privately owned bus companies are in
sound financial condition. The Massa-
chusetts Bay Transportation AuthorityE

Boston's publicly owned transit compa
on the other hand, has experienced se
problems with decreasing ridership and
rapidly increasing operating deficits. .
Its estimated operating deficit for 1971
was $75 million - more than 30 dollars
per person in the Boston area.
Most experts agree that high-density
corridors are needed to support a rail-
rapid-transit system. If this were the
only consideration, Boston should be(an
excellent location for a rail-rapid-tran-
sit system as indicated in Figure 5. ! Ob-
viously, other factors must be consi&ered.
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FIGURE 5 CORRIDOR DENSITIES

e 1

£
H

3
H

20,000

POPPSATION PER  SQUARE /IMiLK

20 2co 4 ' ~.
5

000 -

AP

- . 5 ] T
ks PROM CITY LENTER

Most experte agree that high density
eorridors are needed to support a rail
rapid transit system; yet, Boston's
transit system is experienceing severe
financtial difficulties.

Boston and Washington, D.C. serve
about the same total number of transit

- riders; however, Boston is splitting their

ridership between several modes while Wash-
ington uses only buses. This factor may
explain some of the financial problems of
§oston's.transit system. Washington, D.C.
is currently building a 98-mile rail rapid
transit system at an estimated cost of more
than $3 billion. It will be interesting to
see if this new system attracts new riders
or just diverts passengers from existing
bus operations.

Houston's privately owned bus com-
pany has managed to maintain a financ-
ially sound operation despite a decreas-
ing ridership trend. However, if recent
trends in automobile ownership and low
density developments continue, the tran-
sit company's condition will probably
change for the worse. Factors identi-
fied in this comparison of cities should
be considered in future transit plans
for Houston.
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- ENVIRONMENTAL CONSIDERATIONS

Mechenized transportation is more than
Just a convenience for man it is essential
for the survival of his society. Unfor-
tunatley, all modes of transportation must
have some impact upon the environment;
however, the amount of environmental dam-
age can be minimized. The first step to-
ward improvement is a definition of the
major areas of environmental concern.

Air quality, water quality, noise, waste
heat, drainage, and Tand-use patterns
_appear to be justifyable areas of major
concern. Qther environmental consider-
ations such as visual pollution, litter,
and junk yards are valid concerns, but
they are not a direct result of the con-

struction or operation of transportation
-modes. -

Most environmental studies have point-
"ed to the highway mode as the most seri-
ous polluter of the environment; however,
this is partly due to the relative usage
of modes. Highways provide for more than
80% of all person movement and 50% of all
goods movement in the nation. A compar-
ison of the relative potential of envi-
ronmental impacts of the various modes
operating at the same level of activity
shows that most of them are about equal
(See Table 1). Pipeline appears to be
the only mode that has a significantly .
lower potential. Corrective actions are

- already being taken to reduce the severity
of most of these environmental impacts,
so transportation systems of the future
will be more compatible with the envi- -
ronment.

TABLE 1 RELATIVE ENVIRONMENTAL IMPACTS OF

YARIOUS TRANSPORTATION MODES

Major Areas of
Environmental Concern Highway  Air  Rail

Mode of Transportation
Pipeline

Water

Afr Quality - High Medium Medium Llow Medium
Water Quality . Low Low Low Low High
Noise Medium High Medium Low Low
Waste Heat . High High  High  Medium  High
Drainage . Kigh Medium High Low Low
Land-Use Pagterns High Medium High  Medium  High

All modse of transportation have some impact on the environment;
howvever, corrective actions are being taken to minimize the
severity of thece impacts. Future transportation syetems will be
more compatible with the emvirormment.

The automabile is the most visible
source of air pollution to the general
public; therefore, it has been the ob-
Ject of much criticism. Some people
have proposed eliminating all automobiks,
or at least outlawing the internal com-
bustion engine. However, no propulsion
system availabie today can achieve bet-
ter thermal efficiencies over the broad
range of operating conditions required
of the automobile. Reciprocating steam
engines, steam turbines, gas.turbines,
and electrical batteries are all being
evaluated as possible prime movers,
but none of them offer much promise--
for the near future.

Meanwhile, emissions from internal
combustion engines are being reduced by -
improved designs and pollution control
devices. Indeed, continuing monitoring

tests indicate that the total amount of
pollution produced by automobiles peaked
et in 1967 and has been declining since
then. Federal standards for 1975-1976
model automobiles require a 90% reduction
in air pollutant emissions from the 1970-
1971 levels. Experimental models tested
in 1971 show promise of meeting these iow
emission levels. Thus, total emissions
from automobiles should continue to de-
cline during the next few years as older
cars are replaced by newer models.

Automobile emissions are almost four
times greater under stop and go traffic
operations than at constant speeds of 45
to 50 miles per hour. Thus cities can
reduce automobile poliution by improving
traffic operations on city streets. Also,
most new cars bought today have much more
power than needed for normal urban driving.
Indeed, some of today's automobiles have
better performance characteristics than
the best fighter planes of World War II,
as shown in Figure 6. If the individual
citizen really wants to do something about
air pollution, he can stop buying such
over-powered cars.
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Thus, it appears that significant pro- ever, actions by the cities and by indivi-
gress has been made toward reducing auto-  -dual car owners can also be effective in
mobile emissions and that even more pro- minimizing emissions.
gress can be expected in the future. How-

" FIGURE 6 PERFORMANCE CHARACTERISTICS OF VEHICLES

VEHICLE

AIRCRAFT

AUTOTOBILES

BUSES

TRUCKS

TRAINS

SHIPS

0.001 —0.01 0.1
Scale horsepower/pound '

Some cars on the streets today have better performance characteristics than the

best fighter planes of World War II. If the individual really wants to do some-
thing about air pollution, he can stop buying such over-powered cars. Also, ne

ean keep his car well-tuned and timed efficiency rather than vower.

EXISTING TRAISPORTATION IN THE
TEXAS COASTAL Z0HE

Three of the top four economic sectors  WATER TRANSPORTATION
in Texas (petroleum refining, petroleum

production, and agriculture) are entirely Few Texans realize the importance of
dependent upon transportation for their water transportation to the State. Over
value. Obviously then, a healthy tran- 120 million tons of goods are shipped by
sportation industry is essential to a water from Texas ports each year. This
healthy economy. The transportation in- represents almost 90% of all shipments
dustry in the Coastal Zone is a vital from the Coastal Zone and almost 75% of
part of its, and the State's total eco- all goods shipped from the State as a
nomic activity. More than three-fourths whole, as shown in Figure 7. Indeed,

of all the goods shipped from Texas are Texas rivals New York as the premier sea-
shipped from the Coastal Zone. In.fact, faring state in the nation since Texas
the number of tons of goods per person pOrtS hanq]ed a total of ]85 million tons
handled by the Coastal Zone's transpor- of goods in 1968 compared to 192 million
tation industry totaled more than 4 times tons in New York. Yet, Texas has a state
the national average. agency specifically concerned with every

other mode except water transportation.



FIGURE 7 MODAL DISTRIBUTION OF GOODS SHIPPED
FROM THE TEXAS COASTAL ZONE

Rasre
.77

| = BY waTra— AN

Nora: Prruiis Supsisnrs
Ner [wesvord

Few Texans realize the importance of water transportation
to the Coastal Zone and to Texas. Over 120 million toms
of goods are shipped by water from Tezas ports each year.
This represents almost 75% of all goods ehipped from the
State as a whole.

Ocean Transport

Ocean-going ships carry about 120 mil-
1ion tons of goods to or from Texas each
year; however, total ocean traffic has
not increased in the last ten years. The
reasons for this lack of growth are pro-
bably many and varied, but problems such

-as imbalance of traffig, congestion in
ship channels, and limited channel depths
must be contributing factors.

- More than 85% of the ocean traffic is
outbound; consequently, nearly all of the
ships carrying Texas goods out must return
empty. Hence, the rates charged for tran-
sportation must cover the cost of the en-
tire voyage rather than just half of it.
Traffic congestion in some of the ship
channels is so severe on occasions that
collisions occur. Indeed, the Houston
Ship Channel is one of 14 in the nation
being considered by the Coast Guard for
a-traffic control system. )

Almost half of the nation's petro-
chemical industry and about one-fourth
of its refining capacity is concentrated
in the Texas Coastal Zone. Hence, the
bulk of the tonnage in ocean traffic is
carried by petroleum tankers, and the
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size of tankers has been increasing at
astounding rates in recent years. Fig-
ure 8 shows that the average size tanker
under construction increased from 41,000
deadweight tons in 1960 to 116,000 tons
in 1970. Two tankers exceeding 400,000
tons are nowtynder construction and a
500,000 tonee¥“{s on order. Yet, Texas
ports, with a maximum 40 ft. channel
depth, can only handle ships up to 45,000
or 50,000 deadweight tons. Obviously,
some dramatic actions are needed if Texas

‘ports are tc be able to serve future ships.

FIGURE 8 TRENDS IN AVERAGE SIZE OF TANKER SHIPS
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The size of the average tanker wnder construction increased
from 41,000 tons in 1960 to 116,000 tons in 2970.' Port

depths in Tezas are barely sufficient to handle the average
size tanker in the world fleet today. Dramatic actions are

needed if Texas ports are to be able to serve future ships.

Inland Waterway

Inland waterway traffic is also a major
portion of the water transportation activi-
ties in the Coastal Zone. Barges loaded
with almost 70 million tons of goods trav-
eled the Gulf Intracoastal Waterway in
Texas during 1970. About half of this’
traffic (36 million tons) crossed the
Texas-Louisiana border traveling to or
from such far-flung locations as Pitts-
burgh, Chicago, and Minneapolis (see Fig-
ure 9). All of this traffic must pass
through the heavily congested portion of
the canal in Louisiana. As peculiar as
it may seem, conditions in the Louisiana
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Thus, the traffic problems on the Louis-
FIGURE 9 MOVEMENT OF TEXAS GOODS ON INLAND WATERWAYS jana Segment of the waterway can Stymy

' ' ‘ future industrial growth in the Texas

.= Coastal Zone.

", L . .
MmN ' AL
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N ATl PIPELINES

/ The Texas Coastal Zone presently has

A a greater concentration of pipelines than
I any similar size area in the world. This

2 is not too surprising considering the vast

e & e _ petroleum resources contained within the
e O T e T 7777177 Coastal Zone. Numerous natural gas pipe-
- 5 e T lines also criss-cross the zone. Host of
“ee . | N these pipelines range in size from 6"
3 ’ A diameter to 12" diameter; however, some

are as large as 20" diameter and one is

36" diameter.

D These petroleum pipelines transport a
R tremendous volume of goods every year.

s, "‘."«-‘ b 3 s . . . o .
: L2 Y The capacity of all pipelines within iden-
egg§WMﬂa~5 LA tifiable corridors is depicted in Figure
) /004, HR 10. The total capacity of pipelines en-
= tering or leaving the Coastal Zone is
About 36 million tons of gocds crossed the ‘Texas-Louisiana ' Sl{fﬁ'ment ot transport.more than 150 -
border on the inland vatervay in 1970. i’iﬁ!’i"tshﬁ?ﬂicaga million tons of crude o0il and petroleum
b - ng markets as urgh, »
L‘ﬁi;’iZipi‘Zii‘f“A’{‘Z”o?'?wfia o aunt pase. hrough products each year.

several locks between the Mississippi River and Tezas which .. Sizeable increases in pipeh’ne cap-
cqus¢ severe delays. acity will probably be needed if petro-
leum resources in the off-shore areas of

portion of the canal have a strong impact

on Texas waterway traffic. FIGURE 10 CAPACITIES QF MAJ(R PIPELINE CORRIDORS
_ The Texas portion of the Gulf Intra- '
coastal Waterway is all at sealevel so - | #%

MOXTH-CENTRAL
that no locks are required. However, in Texas \

order to reach the Mississippi River sys-
tem, Texas goods must pass through several
locks in Louisiana. These locks are se-
.verely restricting the flow of traffic -
sometimes causing delays of 24 to 30 hours
to barges waiting to pass through them.
Total delay times at locks can more than ~
double the normal travel time between

Texas and the Mississippi River.

Recent industrial expansion in the
Coastal Zone has been closely related to
"the waterway. In fact, more than 4 out
of every 5 additional tons of waterborne
trafficd’developed in the past 15 years
have been on the canal. The volume of ~
inland waterway traffic in Texas increased The Texas Coastal Zone has a higher density of pipelines

LOUISIANA
MID-CENTRAL
TEXAS

eom -
" PLLIONS OF TONS (e e
cruve o mes
PROGKTI LAES -

- . . than mil 3 in th ld. The total -
rap,d]y from ] 950 untﬂ ] 967 s bUt then it acityag? ;Egl%;e?‘;tgzigl:m liez?);:ng them;'erfzsaCof;%-
leveled off. Some of this level ]ng of f al Zome T8 sufficient to transport more than 150 million

tons of erude oLl and petrolewm products each year.

may be due to the delays at the locks.



" Texas are developed in the futfye. How-
ever, as the population of the Texas
Coastal Zone increases, locating and
constructing additional pipelines will
become increasingly more difficult. Of
course, additional pipelines can probably
be constructed within existing pipeline
right-of-ways providing future needs lie
within the same corridor.

RAIL TRANSPORTATION

=An extensivenetwork of vrai’ |roadS,
including almost 3,000 miles of main-line
tracks, serves the Coastal Zone and con-
nects it to the rest of the State and the
nation. A total of 55 million tons of
rail freight is estimated to originate in,
terminate in, or pass through the Coastal
Zone each year.

Presently, none of the major rail cor-
ridors appear to be operating at more than
20% of their basic capacity, and this ba-
‘sic capacity can be greatly increased
through signilization and centralized
traffic control if future needs require.
Hence, available capac1ty is not a pro-
blem for railroads in the Coastal Zone,
but the imbalance of traffic is a chronic
problem. If the flow of ocean traffic is
balanced in the future, it will pro-
bably help to balance rail traffic.
since the railroads play a major role

in supporting the ports.

- AIR TRANSPORTATION

Eight airports in the Coastal Zone
are presently served by scheduled air
passenger service. Almost 3 million
passenders boarded planes at these air-
ports in 1970, and if recent trends cont-
inue, this total could increase to 30
million by 1990. Such an increase in
traffic will require numerous improve-
ments to existing airports; however,
additional airports probably will not
be necessary.

Ground access time to airports has
become a significant portion of the total
travel time for modern airline trips.
Very few areas of the Coastal Zone are
now more than 1% hours driving time from
an air-carrier airport; however, this
situation will probably worsen as urban

oz
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areas increase in the future.

- Air cargo is the fastest growing
form of goods movement, and the project-
ed increase in air cargo traffic is suf-
ficient to require substantial improve-
ments to goods handling facilities at
Coastal Zone airports.

HIGHWAY TRANSPORTATION

Highways form the backbone of the
transportation system serving the land
areas within the Coastal "Zone. Most of
the 12,000 miles of highways criss-cross-
ing the Coastal Zone are presently operat-
ing at less than half of their capacity
in rural areas; however, traffic volumes
increase sharply as these highways ap-
proach urban areas. Extensive highway
improvements will be required to ade-
quately serve the projected growth in
motor vehicle traffic during the next
30 years.

URBAN. TRANSPORTATION

Motor vehicles operating on streets
and freeways provide almost all of the
urban transportation in Coastal Zone cit-
jes. A1l of these cities have developed
at average population densities that are
compatible with an automobile-based tran-
sportation system. The demand for urban
travel has increased about 50% during the

~ last ten years - much faster than popula-

tion growth. Hence,major improvements in
urban transportation facilities will pro-
bably be needed even if the population
does not increase during the next 30
years.

Major arterial streets and freeways
usually constitute less than 20% of the
total street mileage, but they handle
more than 80% of the total urban travel.
Presently, there are about 2000 miles of
arterial streets and 400 miles of free-
ways in Coastal Zone cities. If their
population increases as expected, these
cities will need to build an additional
3000 miles of major arterials and free-
ways as well as 15,000 miles of local
and collector streets. Even so, the
larger urban areas will probably need
some form of mass transportation to sup-
plement their automobile-based system.
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FUTURE ALTERNATIVES -

Several alternative courses of action
are available to Texas in developing the
Coastal Zone's future transportation sys-
tem. The four topic areas discussed be-
low are particularly important because .
decisions concerning each will signifi-
cantly influence the character of future

SUPER-DRAFT PORT

Maximum ship sizes, especially tankers
and bulk carriers, have been increasing at

an astounding rate during the last 30 years.

[f these trends continue until 1935, the
maximum size tanker will exceed 1,000,000
deadweight tons, and the maximum size bulk
carrier will be at least 300,000 tons.
These rapid increases in ship sizes are

a result of economic considerations in
ocean transport. The productivity of a
crew can be doubled by either doubling
the size of a ship which requries a 42%
increase in horsepower or by doubling the
ship's speed which requires a 550% in-
crease in horsepower. Thus the trend has
been toward larger ship sizes.

The maximum depth of Texas rs
day is only 40 feet; therefore£”§h1os ex-
ceeding 50,000 deadweight tons cannot en-
ter these ports. Depths of 75 feet will
be required to serve ships up to 250,000
tons in size, and depths of about 115
feet will be required for the one million
ton ships. If minimum economical sizes-
of tankers and bulk carriers are to be
served in the future, much deeper port
facilities will be required.

Texas can purste several alternative
courses of actions relative to future
needs of the ocean-going segment of the
total transportation system. These al-
ternative include the following: (1) No
increase in depth; (2) Deeper channels;
(3) 0ff-shore terminals; and (4) Super-
port. Each of these alternatives have
some obvious advantages and disadvan-
tages; however, their consequences should
be evaluated further before Texas chooses
a course of action.

INLAND WATERWAY SYSTEM

The section of the Gulf Intracoastal
Canal in Louisiana is an essential ele-
ment of the Texas waterway system; how--
ever, traffic congestion and delays at
locks in this segment are deterring the

‘growth of waterway traffic in Texas. A

total of 65 million tons of cargo travel-
ed the Louisiana seament of the canal in
1970.. Some of this traffic was local in
nature, but 36 million tons of it was
traveling to or from Texas. Operating
under ideal conditions 24 nhours a day,
365 days a year, the Vermilion lock can
only pass 70 million tons of goods per
year. Thus, Texas traffic alone consumes
at least half ef the ultimate capacity of
this lock.

* Transportation services such as those
provided by the waterway are essential to
the economic 1ivelihood of the Coastal
Zone. The alternative approaches that
might be considered with regard to the
waterway include the following: (1) Mo
waterway improvement; (2) Improved locks;
and (3) New constant-Tevel waterway.

Here again, obvious advantages and dis-
advantages of each can be identified,

but further study is needed before Texas
selects a course of action. :

COASTAL HIGHWAYS

The demand for more recreational

facilities along the Texas coast and im-

proved highway access to them is expect-
ed to increase in the future. Also, in-
creased intercity travel demands will
probably necessitate construction of a
freeway facility parallel to the Coast.
However, new highways in the vicinity of
the coastline can significantly influence
the type and extent of land development
along the beach areas (see Figure 11).
The nature of future development will
differ depending upon the location and
design of any mew highway facilities.
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FIGURE 11

LOCATIONAL CONSIDERATIONS FOR NEW
HIGHWAY FACILITIES PARALLEL TO THE' COAST

BEACH HIGHWAY

¢ along beach areas ® up to 15 miles inland from & more than 20 miles inland from
e varying degrees of development beach area beach areas

along full length of beach area e nodes of development at access ® nodes of development at access
¢ few, if any, natural, isolated roads highways
© beach areas remain @ natural, isolated areas remain e natural, isolated areas remain

New highway facilities in the Coastal Zome can significantly influence
the d?velopment of recreational facilities along the beach areas. The
location of a highuay is a eritical consideration if any areas of sea-
shore are to remain isolated and rvelatively wrtouched. '

COASTAL HIGHWAY

INLAND HIGHWAY

but might be forfeited for
. future beach highway link

Alternative approaches that might be
considered include the following: (1)
No new highways; (2) Beach highway;

(3) Coastal highway; (4) Inland freeway;
and (5) Two facilities. Each of these
alternatives will have different effects
upon the nature of future development.
These factors should be considered be-
fore decisions concerning highway- faci-
lities are made. : '

URBAN GROWTH
T The Urban population of the Coastal
Zone has more than doubled in the last
30 years, and it may double again in
the next 30 years. Future transporta-
tion problems will largely depend upon
how well the cities and the State man-
age to Tocate and shape new urban deve-
lopments and transportation systems.
: Two or three new urban centers might
possibly be developed along the Coastal

-transportation.

Zone in order to disperse the population
and minimize the amount of redevelorment
requifjled in existing cities. However,
such a course of action would require
ibressive steps on the part of the State
to provide transportation facilities and
entice industry to locate at the new
sites. :

Without stringent external controls,
new urban development will tend to occur
around existing cities. If this deve-
lopment is carefully planned and properly
managed, the net result can be an improve-
ment in existing urban forms. Houston
will face some unique problems in that
it must try to develop an urban form that
can be more effectively served by mass
The Beaumont-Port Arthur
area can easily transition into a unified
urban area with three focal points. Cther
cities in the Coastal Zone have a great
deal of flexibility providing that new
developments are compatible with existing -
automobile-based transportation systems.

14



URBAN TRANSPORTATION

Total urban population of the Coastal
Zone may double before the year 2000 A.D.;
therefore, careful planning is essenqayl
in order to accommodate this growth in a
manner that yields desirable urban envir-
onments_and effective transportation sys-
tems. A recognition of the interrela-
tionships between land uses and compat-

- ible forms of transportation is the key

same,

to proper urban planning (see Figure

12). Land use plans and transportation
plans cannot be developed separately be-
cause they are, and must be, one in the

FIGURE 12  BALANCED TRANSPORTATION SYSTEMS
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A balanced transportation system can only be achieved through a -
recognition of the mutual degendence of urbon land use and mode
of transportation. Single fanily houses camnot be served eco-
nomically by rail rapid tranait nor can high-rise apartments be
served adequately by an automobile~based trarsportatiom system.
A city can choose either the type of development or the type of
transportation system desired but that decision carriesy with it
eorresponding limitations concerning the other.

TRANSIT

The principal decision concerning
future urban development should be the
nature and character of urban environment
desired. Once this is determined, the
transportation system must be designed
to be compatible with the desired type
of development. All of the cities in
the Coastal Zone consist primarily of
single-family dwelling units so their
transportation systems should continue
to be based primarily upon the automobile.
However, this places some corresponding
constraints upon the city size and extent

of development at major focal points (see
Figure 13).

GUIDELINES FOR FUTURE DEVELOPMENT | .

FIGURE 13

MAXIMUM URBAN POPULATION PER FOCAL POINT SERVED
BY YARIOUS TRANSPORTATION SYSTEMS
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The central business district (CBD), located at the focal point
of a eity, 18 usually the largest traffic generator uithin ot
urban area. DHfferent urban tronsvortation systems can serve
various levels of develorment within such a focal point, and the
intenstty of develcpment within the focal point is related to
‘the total urbam pepulation surrourding it. Thus, the type of
transportation syStem needed to serve cormuter traffic to ad
from the focal point varies with pepulazion.,

)5

.With a properly designed system of
arterial streets, a city can grow to a
population of about 300,000 persons be-
fore an urban freeway system is needed.
Once a city is large enough to need a
freeway system, the constraints asso-
ciated with transportation systems
serving a single focal point should be
considered. Automobiles operating on
an ideal arterial street and freeway
system can serve a total population of
about 2 million persons surrounding a
single focal point. Larger urban areas
must either develop multiple focal points
or face the necessity of supplementing
their automobile based commuter-system
with some form of mass transportation
and providing a people-mover system to
aid circulation within the focal point.

Urban streets serve a varijety of fun-
ctions which are important to the overall
operation of the city; however, the major
functions of movement and access are
competitive in nature so a single facility
cannot be designed to provide a maximum
of each. A classification of streets
according to the relative imporiance
of these two functions can be extremely



useful in developing plans for urban
~ street systems. The following four
classifications, listed in order of
decreasing importance of the movement
function, are suggested: (1) Primary
arterials; (2) Secondary arterials;
(3) Collectors; and {(4) Local streets,
Access controls are needed zlong
arterial streets in order to protect
their primary function of movement.
Frequent driveways and street inter-
sections result in numerous turning
movements that greatly hinder the flow
of traffic. Public oppostion to such \
controls often subsides once the land
owners recognize the difference in ac-
cess and accessibility (see Figure 14).
"Commercial firms seek locations along
primary arterials because of the high
level of accessibility that they pro-
vide over a broad market area. Access
to the commercial sites can usually be
provided from streets with Tower Tevels
of classifications so that the good ac-
cessibility of the arterial is not de-
stroyed in the process of development.
Recent trends toward larger scale
residential developments (50 acres or
more) have increased the opportunity

FIGURE - 14  ACCESSIBILITY VS DIRECT ACCESS

Primary avterials previde good accessibility over a broad portion
of the urban area. Direct access points along an arterial street
destroy its capability for traffic movement, Cormercial firms
geek locations with good accessibility to a brond market area.
Thug, it ts in their best interest to take direct accesa from
other streets near the arterial rather than to destroy the access-
ibility provided by the arterial. .
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for implementing the functional class-
ification concept in street design.
Modern 1imited access subdivisions re-
sult in better traffic operations on
the arterial streets, and they provide
a more relaxed atmosphere in the re-
sidential area. Future urban develop-
ments in the foastal Zone will provide
a better living environment if the sug-
gested guidelines concerning street
system plans are followed.

TRANSPORTATION CORRIDORS

Major transportation corridors are
a permanent commitment to the movement
of persons and goods between areas of
concentrated activities. The types of
facilities within the corridors might
change drastically over the years, but
the need for transportation remains as
long as the activity centers exist.

The first major transportation facility

installed to connect two activity areas

is usually Tocated on the most desirable
alignment. Thus, subsequent changes in

capacity or level of service can best be
accomplished along the same route if ad-
equate flexibility is available.

Future transportation needs in the
Coastal Zone can be met more effectively
if the cities, counties, and the State
embrace and apply the concept of perman-
ent transportation corridors. Of course,
numerous problems must be addressed be-
fore the corridor concept can be applied.
These problems include the following:

(1) private vs. public ownership of tran-
sportation facilities; (2) limited juris-
diction of state transportation agencies;
and (3) current constraints on purchase
of right-of-way.

A major transportation corridor might
serve several different modes, and the
facilities might change with time. How-
ever, if sufficient right-of-way is ac-
quired and protacted, the corridor will
have flexibility to meet changing needs
in the future. A major intercity tran-
sportation corridor today might contain
a six-lane freeway, two freight rail lines,
a2 high-speed rail facility, and several
pipelines. Thus, right-of-way widths of
% mile or more would be appropriate.
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Major urban corridors might contain a
ten-lane freeway, a fixed-way transit
line, and some goods movement facilities.

Right-of-way widths of 1,000 feet might
be considered for such urban corridors.

TRANSPORTATION TERMINALS

A transportation terminal is not nec-
essarily the end of a 1ine but merely a

location where two or more modes of tran-
sportation can interchange traffic. Ter-
minal facilites are normally oriented
primarily toward serving one mode, as

the name airport or seaport implies, but
the basic function of the terminal is to
provide for modal interchanges. Hence,
future plans for transportation terminals
in the Coastal Zone should give due con-
sideration to all modal interchanges that
might need to occur there.

RECOMMENDATIOHS FOR STATE ACTION

Specific recommendations for State
action relative to Coastal Zone trans-
portation are summarizad below.

1. Water Transportation Agency. Water
transportation is important to Texas, yet
the State has an agency specifically con-
cerned with every mode except water tran-
sportation. The scope of problems facing
this sector are too broad to be solved by
individual ports; therefore, it is recom-
mended that the State create an agency to
address the problems of water transporta-
tion.

2. Super-Port. Texas ports are barely
deep enough to serve the average size tank-
er today, and ship sizes are increasing
rapidly. The Cerps of Engineers is pre-
sent]y studying the feasibility of locat-
ing a "Superport" in the Gulf of Mexico,
but this study will not necessarily ad-

-~ dress the problems faced by Texas ports.
Hence, it is recommended that the State
conduct a study of water depth needs for
Texas and further evaluate alternative
methods of obtaining such depths in order
to formulate a plan of action for Texas.

3. Inland Waterways. Traffic con-
gestion and delays at Tocks on the Louis-
jana segment of the Gulf Intracoastal
Canal are deterring growth of Texas water-
way commerce. A study is recommended to
further evaluate alternative approaches
to alleviate this problem so that the
State can formulate a plan of action con-
cerning waterway improvements.

17

4. New Tramsportation Facilities.
The location of transportation facilities
in the Coastal Zone can significantly in-
fluence the type of development that oc-
curs along the beach areas. Therefore,
it is recommended that the State require
full consideration of these land-use/tran-
sportation relationships in the .design and
10cat1on of all new transportation facili-

ies

5. Bnviromments Effects. Very little
definitive 1nformat1on is available on the
environmental effects of various transpor-
tation modes operating in the Coastal Zcne.
It is recommended that the State conduct a
study of these effects and evaluate alter-
native remedial actions so that effective
pollution control policies can be estab-
lished.
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TRANSPORTATION PLANNING FOR THE COASTAL ZOME OF TEXAS

TEXAS TRANSPORTATION INSTITUTE

The Coastal Zome of Texas is served by major elements of every mode of
transportation. The population of the Coastal Zone may double in the

next 30 years, and the demand for transportation has been growing much .
faster than population, Texas must meet the challenge of providing

for the rapidly growing demand for transportation with reasonable costs
and minimun impact upon the sfigsitive environment of the Coastal Zone.
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INTRODUCTION

The Coastal Zone of Texas, as shown in Figure 1, emcompasses 36
counties comprising approximately one-eighth of the total land area of
the State. About one-third of the State's population and economic
activity is concentrated in the Coastal Zone. This area contains the
most diverse grouping of valuable natural resources in the state. Al-
most 50% of the nation's petro-chemical industry and 25% of the refining
capability is Tocated in the Coastal Zone. More than half of the world's
shrimp supply depends upon the Texas estuarine complex. Several of the
State's most productive agricultural areas, including the fertile Rio
Grande Valley, are located within the Coastal Zone.

Three and a half million persons, about one-third of the State's
population, lived within the Coastal Zone in 1970. The population of
the Coastal Zone is expected to double by the year 2000. Historically
the demand for transportation has been growing much faster than
population. Thus, the demand for transportation within the Coastal
Zone might triple or even quadruple during the next 30 years. -

The transportation system serving the Coastal Zone of Texas includes
all existing modes (highway, rail, air, pipeline, inland waterway, and
ocean transport). The transportation industry itself is also a major
factor in its economic activity. The number of tons of goods per person
transported by the various modes within the Coastal Zone totaled more
than 4 times the national average. Just over three-fourths of all the
goods shipped from Texas are shipped from the Coastal Zone.

Water transportation is far more important to the State as a whole
than most Texans realize. Almost three-fourths of all goods shipped
from Texas to other states travel by water. Texas ports handle almost
200 million tons of commodities each year. Texas rivals the State of
New York as the premier state in the nation in water transportation.
The Port of Houston is the third largest port in the nation and the
combined ports on the Sabine-Neches Waterway (Beaumont, Port Arthur,
Orange, and Sabine Pass) constitute the fourth largest port in the
nation.

Urban transportation is a major consideration for the Texas Coastal
Zone. In 1970, 84% of the three and a half million people lived in
urban areas and all of the projected growth is expected to occur within
urban areas. Fortunately most of the urban development is concentrated

in cities occuping no more than 3% of the total land area. Thus, most of the
Coastal Zone, with its rich natural resources, is still retatively unspéiled.
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FIGURE I-1 THE COASTAL ZONE OF TEXAS
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The Coastal Zone of Texas contains the most diverse grouping of
valuable natural resources in the State. Three and a half million
persons presently live within the Coastal Zone and the population
is expected to double by the year 2000 AD. Transportation is an
essenttal element of its development and the demand for transporta-
tion 18 increasing much faster than population. Careful planning
and appropriate action by the State is required if the projected

growth is to be accommodated with minimum impact upon the
environment,
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However, the anticipated growth will place great demands upon the natural
resources and may generate significant environmental changes. Careful
planning and appropriate action by the State is required if the projected
growth is to be accommodated with minimum undesirable impact upon the
environment.

This transportation study is one of several studies sponsored by the

‘Coastal Resources Management Program of Texas in an effort to identify

the actions required to safeguard the environmental integrity of the
Coastal Zone for future generations of Texans while fully utilizing
coastal resources, The total program includes research projects in the
areas of economic development, waste management, bay and estuarine

management, legal/institutional problems, and power plant siting as well
as transportation,

This project constitutes an initial planning study, at the macroscopic
level, for a total transportation system to serve the Texas Coastal Zone,
The primary objectives of this study are:

1. To identify broad alternatives for future development and
transportation systems; .

2. To eva]uaté the probable consequences of each major alterna-
tive;

3. To identify critical relationships between urban form, land
use, and transportation systems; and

4, To outline general guidelines that can be used to insure
compatible developments in the future.

Since this is a transportation planning study at the macroscopic level,
considering broad alternatives for future development, it does not replace
the numerous detailed planning studies for each transportation mode but
rather it should be complementary to them.
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SUMMARY OF REPORT

GENERAL TRANSPORTATION CONSIDERATIONS

URBAN TRANSPORTATION

Total urban population of the Coastal Zone may double before the
year 2000 A.D.; therefore, careful planning is essential in order to
accommodate this growth in a manner that yields desirable urban environ-
ments and effective transportation systems. A recognition of the
interrelationships between land uses and compatible forms of transpor-
tation is the key to proper urban planning. Land use plans and

transportation plans cannot be developed separately because they are,
and must be, one in the same.

A "balanced transportation" system can only be achieved through
a recognition of the mutual dependence of urban land use and mode of
transportation. Single family houses cannot be served economically by
rail rapid transit nor can high-rise apartments be served adequately
by automobiles alone. Once a city chooses a desired type of land
development, it has automatically limited the types of transportation
systems that can be used effectively.

Note - 4 more complete summary of this report tis
provided by the information contained in the various
filgures and tables together with their captions.

The integral relationships between Tand use and transportation can
be illustrated by a comparison of urban forms required for two totally
different types of transportation systems. Automobiles on the one hand
and rail rapid transit on the other constitute both ends of today's
urban transportation spectrum. Cities could be designed to be served
adequately by either mode of transportation, but they would require
totally different urban forms and would result in significantly dif-
ferent l1ifestyles.

If two such cities were properly designed, they would both have
pleasant urban environments, and each city would have some distinct
advantages and disadvantages relative to the other. In the Auto-City,
people would live in single-family houses and have cars available for
all urban and intercity trips. Residents of the RRT-City would live
in high-rise apartment buildings; walk to the grocery store, transit

II-1
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station, schools, and recreational facilities; and use rail rapid tran-
sit for longer urban trips. Persons who could not walk long distances
would be severely disadvantaged in the RRT-City just as the non-driver
is disadvantaged in the Auto-City.

The total investment in transportation would be somewhat less in
the RRT-City, but housing costs would be significantly higher. The
total annual cost per person for both transportation and housing would
be s1ightly higher in the RRT-City. However, the types of urban
developments required for total dependence on either the automobile
or rail rapid transit are so drastically different that it is not
surprising that no city has yet been able to successfully integrate
both modes into a single urban transportation system.

Since most of their residents live in single-family dwelling units,
Coastal Zone cities have developed at relatively low average densities
that can best be served by the automobile operating on a well designed
system of arterial streets and freeways. Despite the expected rapid
urban growth in the future, existing developments will not be abandoned;
therefore, future urban transportation systems must be compatible with
existing automobile-based systems. Even so, the larger cities may have
to rely more heavily on some form of mass transportation.

Future developments might be shaped to modify existing urban forms
so that mass transportation modes can be used effectively. Conceptual
urban forms that might be considered include high-density corridors,
transportation terminals, or multiple focal points. Regardless of the
concept selected, Coastal Zone cities must apply careful planning and
effective land management if the net result is to be an effective bal-
ance between urban form and the transportation system.

Several modes of urban transportation are presently available for
utilization in the movement of people including the automobile, local
bus, bus rapid transit, personal rapid transit, skybus, and rail rapid
transit. The automobile is the most flexible mode since it can be
operated independently on the extensive street and freeway system. Rail
rapid transit is the least flexible mode since it must operate only on
its own fixed way and normally follows a fixed schedule. The level of
flexibility of the other modes varies between these two extremes.

Bus rapid transit systems require less total investment than other
modes of mass transportation, and they offer the highest capacity for
passenger movement along a single route. When peak-hour transit demands
increase beyond 20,000 passengers in a single corridor, the total cost
of rail systems become competitive with bus systems. However, none of
the urban corridors in the Coastal Zone are expected to have such high
levels of demand during the next 30 years unless drastic changes in
urban form occur.



INTERCITY TRANSPORTATION

Approximately 90% of intercity passenger travel in the nation is
by private automobile. The automobile offers a level of convenience
and degree of flexibility that is unattainable with any form of common
carriage. When only out-of-pocket costs are considered, automobiles
are the lowest cost mode for trips requiring no more than one day of
travel. However, bus costs are considerably lower than fully-distri-
buted costs for automobiles.

Trends in intercity common carriage show that rail travel is being
replaced by air travel while bus travel has remained relatively constant.
This might indicate a demand for only two types of intercity carriage:
one that offers the best level of service and one that offers the lowest
price. However, as passenger demands increase in the Coastal Zone,
high speed rail service could possible replace airlines as the preferred
mode for relatively short intercity trips.

Each mode presently used to transport goods between cities (rail,
pipeline, motor truck, air cargo, inland water, and ocean transport) pos-
sesses inherent characteristics that make it particularly well suited
for certain types of traffic. Motor trucks and air cargo offer a high
level of service that is attractive for high-valued goods. The other
modes are well suited for bulk carriage since their costs are much
Tower than trucks and air cargo.

The demand for transportation services has historically grown much
faster than population so the damand for intercity goods movement in
the Coastal Zone could triple in the next 30 years. Thus, relative
capacities of various modes for moving goods is an important considera-
tion for planning purposes. The two modes of water transportation,
barges and ships, offer much higher capacities than the other modes.

A barge canal similar to the Gulf Intracoastal Waterway in Texas can
handle as much as 1,000,000 tons/day; however, the locks in the Loui-
siana segment of the canal can only pass about one fifth of that

volume., Typical capacities of railroads, pipelines, all-cargo airports,
and exclusive truck highways are only about one-tenth the capacity of
barge canals. '

ENVIRONMENTAL CONSIDERATIONS

Mechanized transportation is more than just a convenience for man -
it is essential for the survival of his society. Unfortunatley, all
modes of transportation must have some impact upon the environment; how-
ever, the amount of environmental damage can be minimized. The first
step toward improvement is a definition of the major areas of environ-
mental concern. Air quality, water quality, noise, waste heat,
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drainage, and land-use patterns appear to be justifyable areas of major
concern. Other environmental considerations such as visual pollution,
litter, and junk yards are valid concerns, but they are not a direct
result of the construction or operation of transportation modes.

Most environmental studies have pointed to the highway mode as the
most serious polluter of the environment; however, this is partly due
to the relative usage of modes. Highways provide for more than 90% of
all person movement and 50% of all goods movement in the nation. A
comparison of the relative potential of environmental impacts of the
various modes operating at the same level of activity shows that most
of them are about equal. Pipeline appears to be the only mode that has
a significantly lower potential. Corrective actions are already being
taken to reduce the severity of most of these environmental impacts so
transportation systems of the future will be more compatible with the
environment.

The automobile is the most visible source of air pollution to the
general public; therefore, it has been the object of much criticism.
Some people have proposed eliminating all automobiles, or at least out-
lawing the internal combustion engine. However, no propulsion system
available today can achieve better thermal efficiencies over the broad
range of operating conditions required of the automobile. Reciprocating
steam engines, steam turbines, gas turbines, and electrical batteries
are all being evaluated as possible prime movers, but none of them offer
much promise for the near future.

Meanwhile, emissions from internal combustion engines are being
reduced by improved designs and pollution control devices. Indeed,
continuing monitoring tests indicate that the total amount of pollution
produced by automobiles peaked out in 1967 and has been declining since
then. Federal standards for 1975-1976 model automobiles require a 90%
reduction in air pollutant emissions from the 1970-1971 levels. Experi-
mental models tested in 1971 show promise of meeting these low emission
levels. Thus, total emissions from automobiles should continue to de-
cline during the next few years as older cars are replaced by newer
models.

Automobile emissions are almost four times greater under stop and
go traffic operations than at constant speeds of 45 to 50 miles per hour.
Thus cities can reduce automobile pollution by improving traffic opera-
tions on city streets. Also, most new cars bought today have much more
power than needed for normal urban driving. Indeed, some of today's
automobiles have better performance characteristics than the best fighter
planes of World War II. If the individual citizen really wants to do
something about air pollution, he can stop buying such over-powered cars.
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EXISTING TRANSPORTATION IN THE TEXAS COASTAL ZONE
THE TRANSPORTATION INDUSTRY

Three of the top four economic sectors in Texas (petroleum refining,
petroleum production, and agriculture) are entirely dependent upon
transportation for their value. Obviously then, a healthy transporta-
tion industry is essential to a health economy. The transportation
industry in the Coastal Zone is a vital part of its, and the State's,
total economic activity. More than three-fourths of all the goods
shipped from Texas are shipped from the Coastal Zone. In fact, the
number of tons of goods per person handled by the Coastal Zone's trans-
portation industry totaled more than 4 times the national average.

WATER TRANSPORTATION

Few Texans realize the importance of water transportation to the
State. Over 120 million tons of goods are shipped by water from Texas
ports each year. This represents almost 90% of all shipments from the
Coastal Zone and almost 75% of all goods shipped from the State as a
whole. Indeed, Texas rivals New York as the premier seafaring state in
the nation since Texas ports handled a total of 185 million tons of
goods in 1968 compared to 192 million tons in New York. Yet, Texas has
a state agency specifically concerned with every other mode except
water transportation.

Ocean-going ships carry about 120 million tons of goods to or from
Texas each year; however, total ocean traffic has not increased in the
last ten years. The reasons for this lack of growth are probably many
and varied, but problems such as imbalance of traffic, congestion in
ship channels, and limited channel depths must be contributing factors.

More than 85% of the ocean traffic is outbound; consequently, near-
1y all of the ships carrying Texas goods out must return empty. Hence,
the rates charged for transportation must cover the cost of the entire
voyage rather than just half of it. Traffic congestion in some of the
ship channels is so severe on occasions that collisions occur. Indeed,

"the Houston Ship Channel is one of 14 in the nation being considered

by the Coast Guard for a traffic control system - after enabling legisla-
tion is passed.

Almost half of the nation's petro-chemical industry and about
one-fourth of its refining capacity is concentrated in the Texas Coastal
Zone. Hence, the bulk of the tonnage in ocean traffic is carried by
petroleum tankers, and the size of tankers has been increasing at as-
tounding rates in recent years. The average size tanker under
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construction increased from 41,000 deadweight tons in 1960 to 116,000
tons in 1970. Two tankers exceeding 400,000 tons are now under con-
struction and a 500,000 tonner is on order. Yet, Texas ports, with a
maximum 40 ft. channel depth, can only handle ships up to 45,000 or
50,000 deadweight tons. Obviously, some dramatic actions are needed
if Texas ports are to be able to serve future ships.

InTand waterway traffic is also a major portion of the water trans-
portation activities in the Coastal Zone. Barges loaded with almost
70 million tons of goods traveled the Gulf Intracoastal Waterway in
Texas during 1970. About half of this traffic (36 million tons) crossed
the Texas-Louisiana border and had to pass through the heavily congested
locks in Louisiana. As peculiar as it may seem, conditions in the
Louisiana portion of the canal have a strong impact on Texas waterway
traffic.

The Texas portion of the Gulf Intracoastal Waterway is all at sea-
Tevel so that no locks are required. However, in order to reach the
Mississippi River system, Texas goods must pass through several locks
in Louisiana. These locks are severely restricting the flow of traffic -
sometimes causing delays of 24 to 30 hours to barges waiting to pass
through them. Total delay times at Tocks can more than double the nor-
mal travel time between Texas and the Mississippi River.

The volume of inland waterway traffic in Texas increased rapidly
from 1950 until 1967, but then it leveled off. Recent industrial expan-
sion in the Coastal Zone has been closely related to the waterway. In
fact, more than 4 out of every 5 additional tons of waterborne traffic
developed in the past 15 years have been on the canal. Thus, the traf-
fic problems on the Louisiana segment of the waterway can stymy future
industrial growth in the Texas Coastal Zone.

PIPELINES

The concentration of pipelines in the Texas Coastal Zone is greater
than in any similar size area in the world. Crude petroleum, products,
and natural gas pipelines ranging from 6" diameter to 36" diameter
criss-cross the entire area. The total capacity of liquid pipelines
entering or leaving the Coastal Zone is sufficient to transport more
than 150 million tons each year. Sizeable increases in pipeline capacity
will probably be needed if off-shore areas of Texas are developed; how-
ever, additional right-of-ways will be difficult to obtain.



RATL TRANSPORTATION

An extensive network of railroads, including almost 3,000 miles
of main-line tracks, serves the Coastal Zone and connects it to the
rest of the State and the nation. A total of 55 million tons of rail
freight is estimated to originate in, terminate in, or pass through
the Coastal Zone each year. However, none of the major rail corridors
appear to be operating at more than 20% of their basic capacity, and
this basic capacity can be greatly increased through signilization and
centralized traffic control if future needs require. Hence, available
capacity is not a problem for railroads in the Coastal Zone, but the
imbalance of traffic is a chronic problem. If the flow of ocean traf-
fic is balanced in the future, it will probably help to balance rail
traffic since the railroads play a major role in supporting the ports.

AIR TRANSPORTATION

Eight airports in the Coastal Zone are presently served by sched-
uled air passenger service. Almost 3 million passengers boarded
planes at these airports in 1970, and if recent trends continue, this
total could increase to 30 million by 1990. Such an increase in traffic
will require numerous improvements to existing airports; however, addi-
tional airports probably will not be necessary. Ground access time to
airports has become a significant portion of the total travel time for
modern airline trips. Very few areas of the Coastal Zone are now more
than 1 1/2 hours driving time from an air-carrier airport; however,
this situation will probably worsen as urban areas increase in the the
future. Air cargo is the fastest growing form of goods movement, and
the projected increase in air cargo traffic is sufficient to require
substantial improvements to goods handling facilities at Coastal Zone
airports.

HIGHWAY TRANSPORTATION

Highways form the backbone of the transportation system serving
the land area within the Coastal Zone. Most of the 12,000 miles of
highways criss=crossing the Coastal Zone are presently operating at less
than half of their capacity in rural areas; however, traffic volumes
increase sharply as these highways approach urban areas. Extensive
highway improvements will be required to adequately serve the projected
growth in motor vehicle traffic during the next 30 years.
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URBAN TRANSPORTATION

A11 Coastal Zone cities presently have an automobile-based urban
transportation system. Major arterial streets and freeways usually
constitute less than 20% of the total street mileage, but they handle
more than 80% of the total urban travel. The demand for urban travel
has increased about 50% during the last ten years - much faster than
population growth. Hence, major improvements in urban transportation
facilities will probably be needed even if the population does not in-
crease during the next 30 years. However, if the urban population
doubles as expected, Coastal Zone cities will need to provide an addi-
tional 3,000 miles of major arterials and freeways as well as 15,000
miles of local and collector streets. Even so, the larger urban areas
will probably need some form of mass transportation to supplement their
automobile-based system.
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COMPARISON OF THE INORTHEAST CORRIDOR
AND THE TEXAS COASTAL ZONE

GENERAL CHARACTERISTICS

Some striking similarities exist between the Coastal Zone of Texas
and the Northeast Corridor which stretches from Washington, D.C. to
Boston, Massachusetts. The land areas are about the same; distances
between major cities are similar; both regions have numerous seaports;
and both areas are served by major elements of every mode of transporta-
tion. Of course, the Northeast Corridor is more heavily populated,
but the two regions exhibit similar growth patterns if the Coastal Zone
is assumed to be lagging the Northeast Corridor by 150 years.

The population of the Texas Coastal Zone will probably never reach
42 million, but it will increase enough to create the potential for
many of the same transportation problems that are now evident in the
Northeast Corridor. A closer look at some of these problems can yield
information which can be used to avoid them in the Texas Coastal Zone.

URBAN AREAS

The population of the Houston area is now only 1.7 million, but
it is expected to exceed 3 million in the next 30 years. Thus, a com-
parison between Houston and Washington, D.C. (2.5 million) as well as
Boston (2.7 million) should provide useful information for future plans
in Houston. Houston presently covers more land area than either
Washington or Boston even though its population is less. This is in-
dicative of the Tower overall population density in Houston which is
largely determined by the type of housing. More than 70% of the
residents in Houston live in single-family houses compared to 50% of
those in Washington, D.C. and 40% of the Boston residents.

The automobile is the backbone of the urban transportation system
in all three cities; however, the northeastern cities have a much higher
dependence upon transit modes. Washington, D.C. is served by three bus
companies using a total of almost 1,800 buses. Boston, on the other
hand, has a rail rapid transit system, street car and trolley lines,
and commuter rail lines in addition a fleet of about 1,200 city buses.
Houston's transit company operates a fleet of less than 350 buses.

Even with all of its rail facilities, Boston has more miles of freeways
(190 miles) than either Washington or Houston (160 miles each).

Washington, D.C. seems to be the only one of these three cities

with a thriving transit operation. It has the highest level of transit
ridership of any city its size in the nation, and all three privately
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privately owned bus companies are in sound financial condition. The
Massachusetts Bay Transportation Authority, Boston's publicly owned

transit company, on the other hand, has experienced severe problems

with decreasing ridership and rap1d1y increasing operating deficits.

Its estimated operat1ng deficit for 1971 was $75 million - more than
30 dollars per person in the Boston area.

Boston and Washington, D.C. serve about the same total number of
transit riders; however, Boston is splitting their ridership between
several modes while Washington uses only buses. This factor may ex-
plain some of the financial problems of Boston's transit system.
Washington, D.C. is currently building a 98-mile rail rapid transit
system at an estimated cost of more than $3 billion. It will be inter-
esting to see if this new system attracts new riders or just d1verts
passengers from existing bus operations.

Houston's privately owned bus company has managed to maintain a
financially sound operation despite a decreasing ridership trend. How-
ever, if recent trends in automobile ownership and Tow density
developments continue, the transit company's condition will probably
change for the worse. Factors identified in this comparison of cities
should be considered in future transit plans for Houston.

REGIONAL DEVELOPMENT

The Texas Coastal Zone and the Northeast Corridor are both served
by major elements of every mode of intercity transportation, and their
economic activities are heavily dependent upon these transportation
services, Water transportation is extremely important to both regions.
There are 23 major ports in the Northeast Corridor and 13 major ports
in Texas. VYet, Texas ports shipped out more tons of goods than did the
northeastern ports. This fact points out one of the basic differences
in the two areas - the Coastal Zone exports goods while the Northeast
Corridor imports them. Thus, a continuous flow of goods into the North-
east Corridor is essential to the survival of its residents - a long
breakdown in transportation would be catastrophic.

Between 1950 and the mid-1960's, substantial improvements were
made in intercity travel conditions in both regions because of advance-
ments in technology. However, these trends toward lower travel times
have already reversed in the Northeast Corridor and they appear to be
bottoming out in the Coastal Zone. The Northeast Corridor cannot build
new highways fast enough to keep up with the demand and air traffic is
highly congested so they are experimenting with high speed rail service
as a partial solution. Eventually, the Coastal Zone may also need high
speed rail service.
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Perhaps the most important lesson to learn from their experience
is the need to recognize the permanency of major transportation corri-
dors and to take actions that will insure future flexibility within these
corridors. The Northeast Corridor stretches across 119 counties in 10
states while the Coastal Zone lies entirely in one state. Thus, Texas
is in a far better position to plan for future problems than was the
Northeast Corridor. '
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FUTURE ALTERNATIVES

SUPER-DRAFT PORT

Maximum ship sizes, especially tankers and bulk carriers, have been
increasing at an astounding rate during the last 30 years. If these
trends continue until 1985, the maximum size tanker will exceed 1,000,000
deadweight tons, and the maximum size bulk carrier will be at least
300,000 tons. These rapid increases in ship sizes are a result of eco-
nomic considerations in ocean transport. The productivity of a crew
can be doubled by either doubling the size of a ship which requires a
42% increase in horsepower or by doubling the ship's speed which requires
a 550% increase in horsepower. Thus the trend has been toward larger
ship sizes.

The maximum depth of Texas ports today is only 40 feet; therefore,
ships exceeding 50,000 deadweight tons cannot enter these ports. Depths
of 75 feet will be required to serve ships up to 250,000 tons in size,
and depths of about 115 feet will be required for the one million ton
ships. If minimum economical-sizes of tankers and bulk carriers are to
be served in the future, much deeper port facilities will be required.

Texas can pursue several alternative courses of actions relative
to future needs of the ocean-going segment of the total transportation
system. These alternatives include the following:

(1) No increase in depth;
(2) Deeper channels;
(3) Off-shore terminals; and
(4) Super-port.
Each of these alternatives have some obvious advantages and disadvan-

tages; however, their consequences should be evaluated further before
Texas chooses a course of action.

INLAND WATERWAY SYSTEM

The section of the Gulf Intracoastal Canal in Louisiana is an essen-
tial element of the Texas waterway system; however, traffic congestion
and delays at locks in this segment are deterring the growth of waterway
traffic in Texas. A total of 65 million tons of cargo traveled the
Louisiana segment of the canal in 1970. Some of this traffic was local
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in nature, but 36 million tons of it was traveling to or from Texas.
Operating under ideal conditions 24 hours a day, 365 days a year, the
Vermilion Tock can only pass 70 million tons of goods per year. Thus,
Texas traffic alone consumes at least half of the ultimate capacity
of this lock.

Transportation services such as those provided by the waterway are
essential to the economic Tivelihood of the Coastal Zone. The alter-
native approaches that might be considered with regard to the waterway
include the following:

(1) No waterway improvement;
(2) Improved locks; and
(3) New constant-level waterway.
Here again, obvious advantages and disadvantages of each can be identi-

fied, but further study is needed before Texas selects a course of
action.

COASTAL HIGHWAYS

The demand for more recreational facilities along the Texas coast
and improved highway access to them is expected to increase in the
future. Also, increased intercity travel demands will probably necessi-
tate construction of a freeway facility parallel to the Coast. However,
new highways in the vicinity of the coastline can significantly influ-
ence the type and extent of land development along the beach areas.

The nature of future development will differ depending upon the location
and design of any new highway facilities.

) Alternative approaches that might be considered include the follow-
ing:

(1) No new highways;

(2) Beach highway;

(3) Coastal highway;

(4) Inland freeway; and

(5) Two facilities.
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Each of these alternatives will have different effects upon the nature
of future development. These factors should be considered before de-
cisions concerning highway facilities are made.

URBAN GROWTH

The urban population of the Coastal Zone has more than doubled in
the last 30 years, and it may double again in the next 30 years. Future
transportation problems will Targely depend upon how well the cities
and the State manage to locate and shape new urban developments and
transportation systems.

Two or three new urban centers might possibly be developed along
the Coastal Zone in order to disperse the population and minimize the
amount of redevelopment required in existing cities. However, such a
course of action would require agressive steps on the part of the State
to provide transportation facilities and entice industry to locate at
the new sites.

Without stringent external controls, new urban development will
tend to occur around existing cities. If this development is carefully
planned and properly managed , the net result can be an improvement in
existing urban forms. Houston will face some unique problems in that
it must try to develop an urban form that can be more effectively served
by mass transportation. The Beaumont-Port Arthur-Orange area can easily
transition into a unified urban area with three focal points. Other
cities in the Coastal Zone have a great deal of flexibility providing
that new developments are compatible with existing autombile-based trans-
portation systems.
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GUIDELINES FOR FUTURE DEVELOPMENT
URBAN TRANSPORTATION

The principal decision concerning future urban development should
be the nature and character of urban environment desired. Once this
is determined, the transportation system must be designed to be com-
patible with the desired type of development. A1l of the cities in
the Coastal Zone consist primarily of single-family dwelling units so
their transportation systems should continue to be based primarily upon
the automobile. However, this places some corresponding constraints
upon the city size and extent of development at major focal points.

With a properly designed system of arterial streets, a city can
grow to a population of about 300,000 persons before an urban freeway
system is needed. Once a city is large enough to need a freeway system,
the constraints associated with transportation systems serving a single
focal point should be considered. Automobiles operating on an ideal
arterial street and freeway system can serve a total population of about
2 million persons surrounding a single focal point. Larger urban areas
must either develop multiple focal points or face the necessity of
supplementing their automobile based commuter system with some form of
mass transportation and providing a people-mover system to aid circula-
tion within the focal point.

Urban streets serve a variety of functions which are important to
the overall operation of the city; however, the major functions of
movement and access are competitive in nature so a single facility can-
not be designed to provide a maximum of each. A classification of
streets according to the relative importance of these two functions can
be extremely useful in developing plans for urban street systems. The
following four classifications, listed in order of decreasing importance
of the movement function, are suggested: ,

(1) Primary arterials;

(2) Secondary arterials;

(3) Collectors; and

(4) Local streets.

Access controls are needed along arterial streets in order to pro-

tect their primary function of movement. Frequent driveways and street
intersections result in numerous turning movements that greatly hinder
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the flow of traffic. Public oppostion to such controls often subsides
once the land owners recognize the difference in access and accessibi-
lity. Commercial firms seek locations along primary arterials because
of the high level of accessibility that they provide over a broad mar-
ket area. Access to the commercial sites can usually be provided from
streets with lower levels of classifications so that the good accessi-
bility of the arterial is not destroyed in the process of development.

Recent trends toward larger scale residential developments (50
acres or more) have increased the opportunity for implementing the
functional classification concept in street design. Modern Timited
access subdivisions result in better traffic operations on the arterial
streets, and they provide a more relaxed atmosphere in the residential
area. Future urban developments in the Coastal Zone will provide a
better 1iving environment if the suggested guidelines concerning street
system plans are followed.

OTHER TRANSPORTATION CONSIDERATIONS

Major transportation corridors are a permanent commitment to the
movement of persons and goods between areas of concentrated activities.
The types of facilities within the corridors might change drastically
over the years, but the need for transportation remains as long as the
activity centers exist. The first major transportation facility in-
stalled to connect two activity areas is usually Tocated on the most
desirable alignment. Thus, subsequent changes in capacity or level of
service can best be accomplished along the same route if adequate flexi-
bility is available. Future transportation needs in the Coastal Zone
can be met more effectively if the cities, counties, and the State
embrace and apply the concept of permanent transportation corridors.

A major transportation corridor might serve several different modes,
and the facilities might change with time. However, if sufficient
right-of-way is acquired and protected, the corridor will have flexibi-
lity to meet changing needs in the future. A major intercity transpor-
tation corridor today might contain a six-lane freeway, two freight
rail lines, a high-speed rail facility, and several pipelines. Thus,
right-of-way widths of 1/4 mile or more would be appropriate. Major
urban corridors might contain a ten-lane freeway, a fixed-way transit
line, and some goods movement facilities. Right-of-way widths of 1,000
feet might be considered for such urban corridors.

A transportation terminal is not necessarily the end of a line but
merely a location where two or more modes of transportation can inter-
change traffic. Terminal facilities are normally oriented primarily
toward serving one mode, as the name airport or seaport implies, but
the basic function of the terminal is to provide for modal interchanges.
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Hence, future plans for transportation terminals in the Coastal Zone
should give due consideration to all modal interchanges that might
need to occur there,
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FUTURE STUDIES

This study constitutes an initial planning study of the total trans-
portation system serving the Coastal Zone. It was aimed at identifying
major problems, present and future, and alternative approaches to solving

those problems.

Several problems have been identified and some of them

need further study before plans for State action are formulated. The
following items are recommended for future studies of transportation in
the Coastal Zone:

(1)
(2)
(3)
- (4)
(5)
(6)

Planning and Implementation Procedures;
Environmental Effects;

Super-Draft Ports;

Inland Waterway Needs;

Recreational Travel and Facilities; and

Transportation Corridor Definition.

These future studies will constitute a second iteration over some of
the areas included in this project; however, the work will be conducted
at a greater level of detail than was possible in this study.
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GENERAL TRANSPORTATION CONSIDERATIONS

URBAN TRANSPORTATION
BALANCED TRANSPORTATION SYSTEMS

The term "balanced transportation" has been used by many to mean a
"mixture of transportation modes", but it should be used to denote a
balance between land use intensity and transportation - whatever the mode
or modes. The most critical key to proper planning of an urban transpor-
tation system is a recognition of the interrelationship between land use
and compatible forms of transportation. Many cities have evolved a
pratice of developing a land use plan and a transportation plan separately.
Herein lies a great fallicy of judgement for these two plans are, and
must be, one in the same. A decision with respect to one carries with
it a corresponding limitation in the rational decisions that may be made
with respect to the other,

A Tow density urban development, consisting primarily of single
family dwelling units, cannot be served by a rail rapid transit system,
Conversely, a high density urban development, including many high-rise
apartment buildings, cannot be served by a transportation system based
upon the automobile.

The interrelationship between various types of residential develop-
ments and compatible modes of transportation is schematically portrayed
in Figure III-1. The upper portion of the figure depicts the overall
measure of the type of urban development, expressed in population density.
The center segment depicts the type of residential development that
would be predominate in a city of such density. The lower segment
reflects the mode of transportation, or mixture of modes, that would be
appropriate to serve a city of that type. Of course, the interrelation-
ships depicted by this figure are oversimplified, but a recognition of
this concept is essential if future urban developments within the Coastal
Zone are to function properly.

Since most of the people live in single family dwelling units,
cities within the Coastal Zone have developed at relatively low average
densities that can best be served by the automobile operating on a well
designed system of freeways and arterial streets. Generally, these
urban transportation systems function quite well, but peak-period problems
are caused by severe fluctuations in Tand use intensity within the city.
Residential densities range from less than 1000 persons/sq mile in
"country club" type subdivisions to more than 10,000 persons/sq mile in
some garden apartment complexes. Business and commercial areas result
in daytime population densities ranging from 20,000 persons/sq mile
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FIGURE III-1 BALANCED TRANSPORTATION SYSTEMS
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A balanced transportation system can only be achieved through a
recognition of the mutual dependence of urban land use and mode
of tramsportation. Single family houses cannot be served eco-

nomically by rail rapid transit nor can high-rise apartments be
served adequately by an automobile-based transportation system.
A city can choose either the type of development or the type of
transportation system desired but that decision carries with it
corresponding limitations concerning the other.

in some suburban shopping centers to more than 100,0C0 persons/sq mile
in some downtown areas.

Although recent growth is still at relatively Tow densities, the
need for some form of mass transit to supplement the automobile is
increasing in some cities in the Coastal Zone. Indeed, the level of
downtown development in Houston has already surpassed that which can be
adequately served by automobiles alone. Further, the percentage of urban
population Tiving in multifamily structures almost doubled (from 15% to
29%) between 1960 and 1970. However, due to the relatively low average
densities, careful planning and sound judgement will be required in
developing supplemental mass transportation systems to serve these cities.

EXAMPLES OF URBAN FORM/TRANSPORTATION RELATIONSHIPS

The integral relationships between land use and compatible transpor-
tation modes might be best demonstrated by selecting two drastically
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different modes of transportation and evaluating the urban forms that
each would require. Automobiles on the one hand and Rail-Rapid-Transit
on the other constitute both ends of today's urban transportation
spectrum. Cities could be designed to be served adequately by either
mode of transportation, but they would require totally different urban
forms and would result in significantly different lifestyles.

The resulting urban forms for two such cities would probably be
similar to those shown in Figure III-2. The Auto-City would be quite
similar to the type of urban development of existing cities in the
Coastal Zone since these cities have been greatly influenced by the auto-
mobile. Because there are no existing cities that are similar to the
RRT-City concept shown here, it is described in greater detail in the
comparisons that follow.
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FIGURE III-2 COMPARISON OF URBAN FORMS FOR ONE MILLION PERSONS
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RRT-CITY AUTO~CITY

Automobiles on the one hand and Rail-Rapid-Transit on the other
constitute both ends of today's urban transportation spectrum.
Cities could be designed to be served adequately by either mode
of transportation, but they would require totally differemt urban
forms. The Auto-City, would be quite similar to the type of
urban development currently existing in the Coastal Zone. There
are no existing cities that are similar to the RRT-City concept.
People would live in high-rise apartment buildings and walk to
the grocery stores, transit stations, schools, and recreational
facilities. RRT trains would cornnect their wneighborhood to all
other nodes in the city.
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The basic neighborhood unit in the Auto-City would be a large
sub-division covering about one square mile, bounded by arterial streets,
and containing about 1000 single family houses with individual yards.

The arterial street pattern would form a gridiron with one mile-spacing.
A radial-circumferential system of freeways would be superimposed over
the street pattern to complete the major transportation thouroughfare
system. This would stimulate a strong focal point in the center (down-
town) but other areas of concentrated activities would develop at
accessible locations. A1l in all, the Auto-City might Took very much
like Houston today.

In the RRT-City, on the other hand, people would live in residential
nodes containing about 25,000 people centered around a transit station.
Each node would include about one hundred high-rise apartment buildings
(10 stories tall, housing 80 families each), four elementary schools,
one junior high school, three or four supermarkets, and maybe one office
building. Buildings would be clustered around the transit station in a
circular pattern so that very few walking trips would have to be more
than 1/2 mile long. Recreational activities and open spaces (parks,
stables, bridle paths, golf courses, ball parks, tennis courts, etc.)
would surround each residential node.

The RRT corridors might form a cross so that the focal point
(downtown) would be at their intersection. Each corridor would contain
4 sets of tracks to provide for peak-hour demand. Each of the 4 legs
extending outward from the center would include 10 residential nodes
with the stations spaced about 1 mile apart. Thus each leg would con-
tain housing for 250,000 persons - enough to support 5 high schools,

1 junior college, 2 large hospitals, a large regional shopping center,
and considerable industrial activity. In addition to the highly
developed Central Business District located at the focal point, the
entire city would have need for an intercity transportation terminal
(airport, bus station, train station, etc.), one large university, a
cultural center, and other similar activities. As many of these types
of concentrated activities as practical should be located on the outer

ends of the corridors in order to achieve some degree of balance in
peak=hour traffic.

If two such cities were properly designed, they would both have
pleasant urban environments, but the Tiving conditions would be dras-
tically different. In the Auto-City people would Tive in single family
houses with individual yards. Residents of the RRT-City would live in
high-rise apartment buildings and there would be no individually owned
lawns or gardens. Each apartment building, however, could probably have
its own swimming pool and well landscaped Tawn. Thus each city would
have some distinct advantages and disadvantages relative to the other.

One of the significant differences in the two cities is the type

of mobility provided by the transportation systems. In the Auto-City
each family would have an automobile available to make any trip they
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desire, urban or intercity, at any time. There would be no provision
for automobiles in the RRT-City; therefore, the longer urban trips and
all intercity trips would have to be made on public transportation modes.
A great many of the shorter urban trips would have to be made by walking,
but usually no further than 1/2 mile. Thus the person who could not
walk such distances would be severely disadvantaged in the RRT-City

Jjust as the non-driver is disadvantaged in the Auto-City.

The total investment in transportation would be somewhat Tess in
the RRT-City, but housing costs would be significantly higher. High-rise
apartment buildings are constructed of concrete and steel and each
dwelling unit must be fireproofed. Thus the unit cost for an apartment
in a high-rise building would be about double that for a single family
house with the same floor plan. A comparison of significant character-
istics of these two cities, presented in Table III-1, shows that the
total initial investment in housing and transportation is slightly
higher in the RRT-City. However, the transit vehicles should last for
twenty years, as compared to ten years for automobiles; consequently,
the total annual per capita costs for transportation and housing would
be about the same in either city.

TABLE III-1 COMPARISON OF AUTO-CITY AND RRT-CITY FOR ONE MILLION PERSONS
Characteristic Auto-City RRT-City
General

Types of Residential Structures Single Family Houses 10 Story Apt. Blgds.
Land Area Required, sq. miles 330 46
Grass Population Density, ppsm 3,000 22,000
Maximum Population per Focal Point, millions 2 6
Minimum Population per Focal Point, millions None 0.
Travel Time to CBD during Peak-Hour, minutes 30 25
Travel Time to CBD during Off-Peak, minutes 20 25
Time Required for Longest Urban Trip, minutes 35 60
Transportation Investment, Millions of Dollars
VehicTes 3,500 ) 2,920
Facilities 2,960 1,650
Elevators in Residential Bldgs. - 600
Total Transpartation 6,460 5,170
Housing Investment, Millions of Dollars 7,800 17,400
Tota] Investment in Housing & Transportation, Millions 14,260 22,570
Annual Costs per Capita, Dollars
Transportation {Vehicles, Facilities, Operations, etc) 1,045 495
Housing 625 1,370
Total Housing and Transportation 1,670 1,865
1 twe wuch eities were properly designed they would both have pleasant urban envirowments, but the
Living conditions would be drastieally differcnt. In the Auto-City people would live in single-family
houscs while in the FRI-City they would live in high-rise apartment buildinge. Each would have some
distinetl alvantages and disadvantages. The total annual costs for transportation and housing would
be aboul the same in either otty.
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The comparison made so far has been for cities with a population
of one million persons, as their populations increase the differences
between the Auto-City and the RRT-City become even more significant.
Both modes have limitations in the number of persons who can be transported
into the central business district during peak-periods. An Auto-City
could only support a population of about 2 million persons per focal
point. RRT-Cities, on the other hand, could probably serve a population
of 6 million persons from a single focal point.

A comparison of possible urban forms for Auto- and RRT-Cities of
four million population is shown in Figure III-3. The Auto-City would
require at least two major focal points and might resemble the overall
form of the Dallas-Ft. Worth Metropolitan Area. The RRT-City could
still have a single focal point, but an extensive people-mover system
would be needed to supplement the pedestrian mode in the downtown area.

Automobile and rail-rapid-transit represent the extreme ends of
today's urban transportation spectrum. The types of urban development
required for total dependence on either of these modes are so different
that it is not surprising that no city has yet been able to successfully
integrate both modes into their urban transportation system. Indeed,
one of the greatest challenges facing various cities of the Coastal
Zone in the future is to find ways to shape their urban forms so that
they can achieve an effective balanced transportation system.

URBAN FORM CONCEPTS

If properly done, either of the example urban forms presented would
have a balanced transportation system. In other words, the urban form
and the transportation system would be entirely compatible. However,
these two concepts were developed to conform to the ends of the spectrum
of urban transportation modes available today. Most large cities of
the future will probably require a blend or mixture of transportation
modes because of variations in land use intensities within the urban
area.

Population density is the most commonly used measure of the
intensity of urban development. It is usually expressed in units of
persons per square mile (ppsm). However, the values of population
density quoted in various reports are sometimes confusing because they
may be calculated on different bases. The density of a specific develop-
ment may be calculated by dividing the number of persons contained
within that development by its land area. For the most part though,
population density figures denote the average intensity of the total
urban area which includes land devoted to open spaces, commercial,
industrial, and residential uses as well as transportation facilities.
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FIGURE II1-3 COMPARISON OF URBAN FORMS FOR FOUR MILLION PERSONS
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As their populations increase the differences between the Auto-
City and the RRT-City become more significant. Due to limits in
downtown concentrations that can be served by automobiles, an
Auto-City of 4 million persons will require at least two major
focal points, The overall urban form of such an Auto-City might
resemble that of the Dallas-Ft. Worth Metropolitan area. A
RRT-City, on the other hand, could still have a single focal
point but a people-mover system would be needed to supplement
the pedestrian mode in the downtown area. The types of urban
development required for total dependence on either mode are so
different that it is not surprising that no city has yet been
able to suceessfully integrate both modes into their urban trans-
portation system.
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Densities associated with various developments also vary depending
on the time of day. Generally population densities are classified as
either nighttime densities or daytime densities. Residential develop-
ments will have a high nighttime density whereas developments such as
shopping centers, offices, etc., will have high daytime densities. It
is this time of greatest density which is of concern in the transporta-
tion planning process.

Examples of the net population density and corresponding popu-
lation density of the entire urban area are presented for various type
residential developments in Table III-2, Also, examples of net daytime
population densities for various types of commercial developments are
presented in Table III-3. These examples should lend some meaning to
the types of physical developments required to achieve certain urban
population densities.

Existing urban development in the Coastal Zone is largely oriented
toward an automobile-based transportation system. More than 80% of
the urban growth has occurred since the automobile became a major
influencing factor - about 1920. It was the advent of the automobile
that enabled such cities to grow so large and still be composed prima-
rily of single-family houses. The resulting overall population densities
are less than 3000 persons per square mile which, according to Figure
I11-1 (page III-2), should be entirely compatible with an automobile-
based transportation system. However, peak-period transportation
problems are often produced by severe variations in land use intensity
within the city.

Total urban population in the Coastal Zone is expected to double
in the next 30 years. Existing developments will not be abandoned,
however, so this growth must be accommodated in a manner that is
compatible with existing automobile-based transportation systems. In
some cases additional modes of transportation will be needed to supple-
ment the automobile. Future developments can be planned and controlled
so that existing urban forms are modified accordingly. Three conceptual
urban forms that might be effectively served by supplemental modes of
transportation are shown in Figure III-4,

Almost 30% of the urban population in the Coastal Zone presently
Tives in multifamily housing units - most of which are garden apartments.
If such a large proportion of future residents are willing to live in
multifamily structures then urban forms resembling the High Density
Corridors Concept can be developed in some cities. These corridors
would be served by a fixed-way mode of transportation; however, this
concept would be workable only if most of the high-density residents
also want to travel along the corridor.

The Transportation Terminal Concept can be implemented with Tess

change in residential patterns than required for the high-density
corridor concept. Parking facilities can be constructed at dispersed
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TABLE III-2 EXAMPLES OF POPULATION DENSITIES ASSOCIATED WITH
VARIOUS RESIDENTIAL DEVELOPMENTS (NIGHTTIME DENSITIES)

Assumed Ave.

Net Population Correspdnding
Density Within Population

Type Of Sq. Ft. Of Lot Dwelling The Residential Density Of The
Residential Per Dwelling Units Per Development Urban Area
Development Description Of Development - Unit Acre (ppsm) (ppsm}
Single Family Large house in well-to-do
neighborhood 32,000 1 2,200 880
Single Family Relatively large house in
middie class neighborhood 16,000 2 4,400 . 1,750
Single Family Average new sub-division
development 9,000 3.67 8,000 3,200
Townhouse Relatively large
individual units 3,000 10 16,000 6,400
Townhouse Relatively small
individual units 2,000 14 22,400 9,000
Garden
Apartment Typical 2-Story development - 15 18,000 7,600
Garden
Apartment Typical 3-Story development - 25 32,000 13,000
Multi-Story 12 Story high rise apartment
Apartment development - 85 92,500 37,000

TABLE III-3 EXAMPLES OF NET POPULATION DENSITIES ASSOCIATED
WITH COMMERCIAL DEVELOPMENTS (DAYTIME DENSITIES)

Approx. No. Of

Approx. Persons Within Equivalent
Land Area The Development Density Per
Type Of Of Development At One Time On Square Mile
Development Description Of Development (Acres) An Average Day (ppsm)
Community Approx. 150,000 sq.ft,
Shopping Gross Leasable Area
Center Average Size Development 30 850 18,000
Regional Approx. 1,000,000 ft.
Shopping Gross Leasable Area
Center Large Regional Center 80 5,700 46,000
Central
Business Comparable to intensity of
District Development in Houston, Texas 900 135,000 100,000

Population density is the most commonly used measure of intensity

.of urban development.

Density valuee are sometimes calculated

based upon the land area and population contained within a specific

development.

For the most part though, the population density

values denote the average intensity of the total urban area. Most
Coastal Zone cities have average population densities of less than

3000 persons per square mile,

However, peak-period tramnsportation

problems result from severe fluctuations of population demsities
within the eity if the transportation system is not modified to
serve the areas of high density.
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FIGURE III-4 URBAN FORM CONCEPTS FOR MIXED TRANSPORTATION SYSTEMS

HIGH DENSITY CORRIDORS MULTIFLE FOCAL POIYTS TRANSPORTATION TERMINALS

Urban population in the Coastal Zone is expected to double in the
next 30 years. The automobile will still be the backbone of the
urban transportation system, but it will need to be supplemented
by other modes of transportation in the larger cities. Careful
planning and effective land development control is essential if
the net result 18 to be an effective balance between the urban
form and the tramsportation system,

locations and connected to major focal points by high speed transit
facilities. Thus the major areas of congestion can be relieved and
the Tow density residential areas can be effectively connected to high
density focal points. The transportation terminal concept, as shown,
does not offer the resident a good alternative to owning a car. How-
ever, after the fixed-way transit modes are installed high-density
residential development might occur along some of the routes. The
resulting urban form would be a blend of the High Density Corridors
and the Transportation Terminals concept.

An urban form resembling the Multiple Focal Point Concept can be
created by limiting the development in any one focal point to that which
can be served by the automobile. These focal points could then be
connected by high speed, non-stop transit modes so that they could func-
tion almost as a single concentrated area.

0f course there are several other urban form concepts as well as
combinations of these that could possibly be developed as the urban popu-
lation of the Coastal Zone continues to increase. Nevertheless, careful
planning and effective land development control is essential if the net
result is to be an effective balance between the urban form and the
transportation system.
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URBAN TRANSPORTATION MODES

Several modes of urbanvtransportation are presently available for
utilization in the movement of people including the following:

Automobile - 2- to 6-passenger, privately owned vehicles oper-
ating on a system of streets and freeways;

Local Bus - 30- to 50-passenger buses operating on streets
with the automobile;

Bus Rapid Transit - buses operating on reserved lanes,
exclusive busways, or on freeways with metered mixed
flow;

Personal Rapid Transit - fully automated, 6-passenger vehicles
operating on exclusive guideways and providing service on
a demand basis.

Skybus - fully automated, 35-passenger vehicles operating on
an exclusive guideway singly or in trains of up to 10
vehicles; and

Rail Rapid Transit - 75-passenger electrically powered rail
cars operating on exclusive rail lines singly or in trains
of up to 10 vehicles.

Numerous other specialized forms of urban transportation have been
proposed recently but they are only variations of the six basic types
listed above. Monorail, for example, has the same service characteris-
tics as rail rapid transit but it has more technological problems and
actually costs more than the conventional system. Some of the more
exotic concepts such as Tracked Air Cushion Vehicles (TACV) and
Tubetrains are in very early stage of development and can not be serious-
1y considered within the present planning horizon,

These six different modes of urban passenger transport are listed
in order of decreasing flexibility. The automobile is the most flexible
mode since it can be operated independently throughout the urban area
on the street and freeway system. The Tocal bus also operates on this
extensive system but_it is not as responsive to each passenger's desires.
In contrast to this, the skybus and rail rapid transit are fixed-way
modes that operate on their own right-of-way. Consequently they do not
have to contend with congestion caused by other traffic, but their
service area is permanently limited to the range of their fixed way.

Personal Rapid Transit systems offer a compromise between auto-

mobiles and conventional fixed way modes. Automated vehicles respond
to individual demands but they operate only within the Tlimits of their
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fixed way. The overall system design might vary in complexity from a
simple horizontal elevator to a large system of computer controlled
vehicles operating on an extensive network of guideways. Generally
though, personal rapid transit systems are more applicable to

serving internal circulation needs within a congested area rather
than commuter traffic.

Bus Rapid Transit systems offer advantages of both the fixed-way
and flexible modes. The buses have the flexibility of operating on
the street system on either end of the run but have guaranteed freedom
of movement by using an exclusive busway for the "line-haul" portion
of the route which might otherwise be congested. The primary dis-
advantage of this approach is the cost of providing a fixed-way for
buses only. This drastically increases the average cost per passenger
mile in corridors that do not have a large passenger demand. In order
to minimize this cost, some people have proposed reserving lanes on
existing freeways for buses; however, there are severe operational
problems associated with reserved freeway lanes.

The Bus-Freeway system is a variation of the Bus Rapid Transit
concept in which buses operate on a freeway in mixed flow with auto-
mobiles but the traffic entering the freeway is metered to prevent
congestion on the freeway. By giving priority to the entry of buses,
the number of persons traveling on the freeway can be increased even
though the number of vehicles is reduced. The cost of freeway sur-
veillance and control is much less than the cost of an ex¢lusive busway
and automobiles can utilize all remaining freeway capacity. Thus the
Bus-Freeway concept is highly suited for serving corridors with 1ight
to moderate transit passenger demands.

Many articles have appeared in the literature in recent months
advocating rail rapid transit systems as the only appropriate solution
to urban transportation problems. Part of this support for RRT is based
upon some misleading information that frequently appears in the liter-
ature. Capacities of 60,000 persons/hour are quoted for RRT lines and
campared to observed flow rates of 2500 persons/hour on typical lanes
of freeways. It is seldom mentioned that these capacities can only
be achieved with the RRT cars packed so full that at Teast 2 out of
every 3 passengers must stand - as indicated by the data shown in
Table III-4. Also, the term "rapid" is somewhat misleading since
these data show that none of the heavily loaded lines achieve average
operating speeds as high as 30 miles per hour. People are led to
believe that rail rapid transit is a new concept when actually it pre-
dates the automobile. The first systems actually were "rapid" in
comparison to the horse-drawn trolleys that they replaced in the 1890's.

A realistic comparison of capacities of various urban transporta-
tion modes, based upon the number of seats available, is presented in
Table III-5. This comparison shows that a Bus-Freeway system, with
buses utilizing only half of the available vehicle capacity of a single
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TABLE III-4 RAIL RAPID TRANSIT - OBSERVED PEAK HOUR VOLUMES

Seating Capacity

Trains Actual
Per Headway Passenger . % Average
Location Hour (Seconds) Lood Per Car Per Train Total Seated Speed
NEW YORK 32 112 61,400 60 600 19,200 31 24.5
NEW YORK N 116 44,510 40 360 11,160 25 19.6
NEW YORK 30 120 62,030 60 600 18,000 29 28.7
TORONTO 28 128 35,166 62 496 13,888 39 17.6
CHICAGO 25 144 10,376 49 294 7,350 71 245
NEW YORK 24 150 36,770 40 360 8,640 23 19.5
CLEVELAND 20 180 6,211 53 318 6,360 100 28.0

SOURCE: Copacity and Limitations of Urbon Transportation Modes, Institute of Traffic Engineers (1965).

Existing Rail Rapid Transit lines can carry more than 60,000 passengers/hour, but only with two out of
every three passengers standing. The term “rapid” is somewhat misleading since none of the RRT sys-
tems have been able to achieve overall average speeds of 30 mph.

TABLE III-5 CAPACITIES OF URBAN TRANSPORTATION MODES

Flow Rate, Seats Per Capacity
Mode Units/Hour/Lane Vehicle Seats/Hour
Automobile or Freeway 2000 autos 5 per auto 10,000
Bus-Freeway 500 buses, 1000 autos 50 per bus 30,000

5 per auto

Exclusive Busway 1250 buses 50 per bus 62,500
Skybus 40 ten-car trains 35 per car 14,000
Rail Rapid Transit 40 ten-car trains 75 per car 30,000

When total capacities of various urban transportation modes are calcu-
lated based upon the number seats per hour, an exclusive busway is

shown to have the highest capacity.

However, ultimate capacity is not

the most important comsideration in selecting new modes for Coastal
Zone cities. Maximum peak-hour transit demands are not expected to
exceed 20,000 passengers in any of the major travel corridors during

the next 30 years.
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freeway lane, has the same seat capacity as a modern RRT lane. An ex-
clusive busway offers the highest theoretical capacity per lane of all
existing modes; however, capacity is not really the primary considera-
tion for Coastal Zone cities in selecting new modes of urban transporta-

tion.

Many of the trips being made on typical urban freeways have such
diverse origins and destinations that they can not be effectively served
by transit. Studies of major travel corridors in various Coastal Zone
cities indicate that the current maximum peak-hour transit demand poten-
tial ranges from 5000 to 10,000 passengers. Even with the projected
increase in population during the next 30 years, it is unlikely that any
corridor will develop a total peak-hour transit demand of more than
20,000 passengers unless drastic changes in urban form occur. Thus it
appears that costs and service characteristics of various modes are of
greater concern than ultimate capacity.

Fixed-way modes are characterized by high initial costs but Tower
average operating costs as the volume of ridership increases. Driver
wages are a major portion of the total operating costs of bus and rail
transit systems. In fact, in most of the city bus operations today,
labor costs constitute about 60% of the total cost of operation. Of
course, driver costs are not included in the operating costs for auto-
mobiles. Approximate costs for various modes of transportation are
compared in Table III-6,

TABLE III-6 COSTS OF URBAN TRANSPORTATION MODES
Capital Costs

Operating Costs, ¢/Mile Per Lane-Mile
Mode Per Vehicle Mile Per Seat Mile Of Traveled Way
Automobile 10 2.0 $900,000
Bus-Freeway* | 35 1.8 $900,000
Exclusive Busway 90 1.8 $800,000
Skybus 55 1.6 $1,250,000
Rail Rapid Transit 110 1.5 - $2,500,000

*Assumes a mixture of 500 buses and 1000 autos.

Fixed-way modee of urban transportation are characterized by higher
initial costs and lower operating costs than flexible modes. As
peak-hour transit passenger demands increase beyond 20,000 passengers
per hour in a single corridor, the total costs of Bus Rapid Transit and
Rail Rapid Transit systems become competitive.
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Bus rapid transit systems can provide as much total capacity as
rail rapid transit systems, but for the same passenger volumes they would
require 15 times as many drivers., Thus as the transit passenger demand
increases within a corridor, the lower operating costs of rail systems
begin to off-set their higher initial costs. As the peak-hour transit
passenger increases beyond 20,000 passengers per hour in a single
corridor, the total cost for these two modes becomes competitive.

Areas of highly concentrated activities such as CBD's, airports,
universities, etc. need an effective circulation system within the area
in order to function effectively. Several such areas in the Coastal
Zone have become so large and congested that the pedestrian mode alone
can no longer adequately provide for circulation. Personal Rapid
Transit or people-mover systems can provide effective movement of people
within an area of highly concentrated activity.

Many forms of people-movers have been proposed recently including
horizontal elevators, moving sidewalks, mini monorail trains, and
small rubber-tired trams. A1l of these concepts are aimed at filling
the gap between conventional automotive traffic and walking. They
operate at speeds of 5 to 15 mph and most of them use remote power
sources so that service can be provided directly into buildings through
a network of passageways.

The movement of goods is an often overlooked part of the total
transportation problem. Urban congestion results not only from the
excess demands for the movement of people, but also from the extremely
large demand for the movement of goods within the urban area. People
do not seem to notice the vast amount of goods movement required to
serve an area of concentrated activity such as a CBD, but it is monu-
mential. A recent traffic study in Dallas showed that there were four
times as many commercial trucks entering the CBD every day as there
were total vehicles entering Love Field. When a talley is made of the
total daily movement of food, beverages, mail, office supplies, news-
paper, etc. within a CBD it is obvious that any reduction in congestion
due to improved movement of people could easily be offset by continued
uncoordinated movement of goods.

Very few solutions have been proposed for the problems of goods
movement in urban areas. Some passive control measures (such as re-
stricting deliveries to certain hours) might be effective temporarily,
but eventually active measures must be taken. A central receiving dock
might be established for the CBD and goods distributed using the people
mover system during off-peak periods. Resupply of the central dock
might be handled by the mass transportation system during off-peak
periods. Whatever the final form of goods movement, plans for future
urban transportation systems must consider this aspect of the total
problem.
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INTERCITY TRANSPORTATION

PERSON MOVEMENT

A quick Took at historical trends in intercity passenger travel for
the nation (see Figure III-5) yields some interesting observations con-
cerning our existing and future intercity transportation needs. Since
the advent of the automobile and the development of a paved highway
network, Americans have depended upon the automobile for most of their
intercity travel (approximately 90% of total travel is by automobile).
The private automobile will probably continue to provide the bulk of
intercity travel because it offers a level of convenience and a degree
of flexibility that is unattainable with any form of common carriage.

Trends in inter- FIGURE III-5 TRENDS IN INTERCITY
city common carriage PASSENGER TRAVEL IN U. S.
show that rail travel
is being replaced by 1000 - ’ P
air travel while bus 800 | TOTAL INTERCITY =72~
travel has remained soo|  TRAVEL ;;;Z/’
relatively constant. RS
Airlines and bus com- » 400 | [/ #/~—PRIVATE  AUTOMOBILE
panies do not compete r ’,,:/
between all cities = :: ;
but the bulk of their @ 200 -~/
passenger traffic 2
occurs between cities > ,
served by both modes. @ oot /
This might indicate a . RAILROADS
demand for two types 5 ZL.amLmEs
of intercity carriage: * g
one that offers the s
best level-of-service 3
and one that offers F L5BUS
the lowest price. Ap-
parently, there is very : .
little demand for an 10 / . L 3
inbetween type of service. 1940 1950 1960 1970 1980

YEAR

Relative costs and
service characteristics Historical trends in intercity travel
of automobile, bus, air- in the U.S. show a continued dependence
line, and high speed rail on private automobile made possible by
intercity travel are dis- inereasing automobile ownership and
cussed in the following improved highways. Rail travel has been
paragraphs. Conventienal replaced by air travel while bus travel
rail passenger service is has remained relatively constant.
not discussed further
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because it has effectively ceased in the Coastal Zone. High speed rail
service, however, may possibly replace airlines as the preferred mode
of travel on relatively short intercity trips. A comparison of the
relative operating costs of these modes is presented in Figure III-6.

FIGURE III-6 AVERAGE COSTS OF INTERCITY PERSON MOVEMENT

Mode Cost, Cents/Passenger Mile

Auto, Out-of-Pocket

Auto, Fully Distributed Fimis

Bus

Air, Local Service

Air, Trunk Line

High Speed Rail

When only out-of-pocket costs are consideved, the automobile is
.the lowest cost mode of intercity passenger travel. Bus is the
least expensive form of common carriage and local air service is
the most expensive. It appears that high speed rail could possi-
bly replace atr service on intercity trips of 300 miles or less.

In comparing the automobile to the other transport modes two dif-
ferent costs must be considered. The fully distributed cost includes
all cost associated with owning and operating a vehicle. However, if
the user already possesses an automobile, whether he is using the
vehicle or not, he is paying such costs as insurance, depreciation,
taxes, etc. Consequently, if he desires to take this car on a trip,
the only additional expenses incurred will be gasoline and oil. These
represent the out-of-pocket costs associated with any given trip and
they provide the auto with a cost advantage over the other modes.

The automobile is best suited for relatively short intercity trips
that require no more than one day of travel. It provides a level of
flexibility and convenience unmatched by any other mode, particularly
for recreational travel. The driver can depart from his own home and
arrive directly at his destination, and the automobile provides him
with a means of transpordation while at his destination. For longer
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business trips, however, the additional time required as well as the
added costs of food and lodging makes driving less attractive than
flying.

Bus service provides a dependable but relatively slow means of
intercity travel. Its lower cost makes it the choice for many people
who do not own automobiles and cannot afford air travel. Special
non-stop bus service between major cities, which are no more than 200
miles apart, can provide a suitable alternative to short-haul air
service.

The airplane provides a relatively high level of service. People
use the airplane for several reasons; 1) speed of travel, 2) the status,
prestige, and comfort associated with air travel, and 3) the depend-
ability of the service. Airplanes can operate economically with a
rather Tow passenger demand since air travel requires no fixed facility
costs between terminals. As a result, the airplane can serve many
intercity desires which are not of sufficient magnitude to support
high-speed rail service.

The cost of airline operations is significantly different for trunk
line and local service. The average trip length served by trunk Tine
operations is about 800 miles while Tocal service trips are usually less
than 300 miles. Of course, much of the traffic using Tocal air service
is going to or from a major airport for connections with trunk 1ine air
service. Nevertheless, for shorter trips, air service loses much of
its attraction relative to other modes.

Recent operations of the Metroliner in the Northeast Corridor, and
other high-speed trains, have demonstrated that this mode can effec-
tively compete with short-haul air service. Trains operating at speeds
of 100 to 150 miles per hour can provide a comparable level of service
to airplanes. However, the facilities for high speed rail are very
costly so that it is competitive cost-wise only in corridors which
produce a substantial volume of intercity trips.

GOODS MOVEMENT

Nationwide trends in intercity transportation of goods, shown in
Figure I1I-7, reflect a reasonably constant rate of increase totalling
150% over the last 30 years. This high rate of increase in total goods
carried is expected to continue during the next 30 years. Also, there
will probably be some further redistribution of traffic handled by the
various modes as is indicated by these trends. Each mode has inherent
characteristics that make it particularly well suited for certain types
of traffic; therefore, they each should continue to carry significant
portions of traffic in the future.
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The intercity trans- FIGURE 1117 TRENDS TH INTERCITY
portation system involved in GOODS MOVEMENT WITHIN THE USA
the movement of goods in the
Coastal Zone includes major
elements of all modes. Water
transportation modes carry a 191t
larger proportion of goods
shipped from the Coastal
Zone than is indicated by the
national average. Pipelines “
also handle a larger than
average share of goods move-
ment. Several factors
influence the shipper in
selecting a mode to move his
commodity. The major factors
are the cost, the level of
service, and the capacity
provided by each mode.

2000 -

BiLLlONS  OF TON-MILES

There are three basic wao e it o
costs involved in the trans-
portation process: the T e e e e vine a2t
terminal cost, the line-haul B e e aving D set 0 pemns 20
cost, and the inventory cost. ol Rt vl L
Terminal costs include all SOt oY Stgrificant portions of traffic

handling costs associated
with readying the shipment
for transit as well as the billing and collecting costs. Line-haul
costs are those which arise from carrying the shipment from its origin
to its destination. These costs include the expense of running and
maintaining the vehicle, the costs associated with constructing and
maintaining any required right-of-way, and other allocation of overhead.
Inventory costs are created since goods in transit are a form of working
capital and, as a result, generate additional inventory costs due to
time spent in transit.

Goods carried in intercity commerce generally fall into two cate-
gories: bulk goods and high-value goods. Bulk goods consist primarily
of products from forests, mines and agriculture as well as petroleum
products. These goods generally have a relatively low value and are
usually transported in large shipments by rail, water or pipeline. High
value goods consist mostly of manufactured items. Such goods can be
moved profitably in relatively small shipments. Generally the speed of
delivery is a matter of concern; consequently, many high-value goods
are shipped by truck or even by air.

A comparison of the relative costs for goods movement by various
modes of intercity transportation is presented in Figure III-8. These
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FIGURE I11-8 COMPARISON OF COSTS FOR GOODS
MOVEMENT IN INTERCITY TRANSPORTATION

Bulk Goods

Bulk Carriers Mills/Ton-Mile

Pipeline
Ocean Ships
Barges

Unit Trains

Railroad

A11 Goods

Mode Cents/Ton-Mile

Bulk Carriers [
Trucks

Air Cargo

T T T 1

0 5 10 15 20

Eqch mode of transportation is well suited for carrying certain
types of traffic because of its inherent characteristics. Costs
shown above are typical for each mode operating under reasonably
favorable conditions. The relative cost position of each mode
can be quite different when the shipper considers the movement
of a ecertain commodity between two specific locations.
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values represent typical costs for each mode operating under conditions
well suited for its inherent advantages. The relative cost positions
of each mode can be quite different when the movement of a certain
commodity between two points is considered.

Pipelines are particularly well suited for the movement of fluids
over relatively short distances when a continuous flow in one direction
is desired. Under these conditions, pipelines offer the lowest cost
mode of transportation. Costs increase significantly, however, when
solids are transported by pipeline in slurry form. Pipelines require
a large initial investment and the effective operating costs increase
drastically if the diameter is not optimum for the desired throughput.
Consequently, pipelines are usually designed and constructed to trans-
port a specific commodity and flow rate between two points. Although
pipelines can be the lowest cost mode of bulk transportation, they are
also the least flexible mode.

Water transportation is characterized by relatively high terminal
costs and extremely low line-haul costs. For long distance bulk move-
ments, water transportation is competitive with pipgline. This is
evidenced by the fact that most of the petroleum products shipped from
the Coastal Zone to destinations over 500 miles away travel by water.

The primary disadvantage of water transportation is its extremely slow
delivery time as compared to other modes. Ocean transportation is less
expensive than movement by barges on the inland waterway system; however,
both modes of water travel are viable and they are extremely important
to the Coastal Zone.

Railroads provide a reasonably rapid means of transporting bulk
goods and they have the capability of moving a large variety of com-
modities. The extensive rail network of the nation makes rail the most
flexible mode of bulk transportation. However, unless the origin and
destination are both Tocated on a rail siding, goods shipped by rail
must also be carried by another mode. Due to the high terminal costs
and low line-haul costs, costs of rail movement decrease as the distance
traveled and tonnage shipped increase. In rare instances, the volume
of goods shipped between two points is sufficient to justify the use
of unit trains. This type of operation significantly reduces terminal
costs and improves service enough to make rail competitive with any mode.

Trucks, operating on an extensive network of streets and highways,
provide the most flexible form of goods movement. Trucks can normally
pick up shipments at their point of origin and deliver them directly to
their destination. This high degree of flexibility combined with re-
Tatively short delivery times yields a high level of service that makes
trucking an extremely attractive mode for the shipment of high-value
goods over relatively short distances despite its apparently higher cost.
Trucking is characterized by a low terminal cost but a relatively high
1ine-haul cost. Thus the attractiveness of trucking relative to other
modes decreases as the length of haul increases.

111-21



[ N

The piggyback concept, loaded truck trailers riding on railroad
flat cars, combines the flexibility of trucking with the low line-haul
costs of rail service. The terminal costs associated with piggyback
are less than those of rail but slightly higher than those for trucks.
Thus it provides an attractive means of shipping goods over intermediate
distances.

Presently less than 0.2% of total goods movement travels by air,
but air service is the fastest growing form of goods movement. The
number of ton-miles served by air-cargo has doubled in the last five
years. The advent of the new wide-bodied jets provides the airlines
with an even greater opportunity to expand their cargo operations.
Despite its higher costs, air shipment provides a higher speed that makes
it attractive for long-hauls of high-value and perishable commodities.

The demand for the intercity movement of goods has historically
grown faster than population. The population of the Coastal Zone is
expected to double in the next 30 years; consequently, the demand for
intercity goods movement could triple. Undoubtedly, some new trans-
portation facilities will have to be expanded to serve this increased
demand. Relative capacities of different modes is a major consideration
in identifying alternative means of providing for increased demands.

The modal capacities presented in Figure III-9 were calculated for
a basic facility serving each mode that is characteristic of those cur-
rently existing in the Coastal Zone. Capacities of such facilities are
determined by the maximum number of vehicles (assuming typical sizes and
Toad distribution) that can safely use the facility. In most cases,
capacities can be increased by installing traffic control systems, in-
creasing the average vehicle load, and reducing the number of empty
back-hauls.

This comparison vividly shows the higher capacities afforded by the
two modes of water transportation. Barge canals, such as the Gulf Intra-
coastal Waterway, provide the highest capacity for goods movement. This
extremely high capacity for a canal is somewhat misleading unless the
constraints imposed by locks are considered. There are no locks on the
Texas portion of the Gulf Intracoastal Waterway; however, almost all
barge traffic entering or leaving Texas must pass through the Vermilion
Lock in Louisiana. The ultimate capacity of this existing lock is
calculated to be less than one-fifth the capacity of the open canal.
Thus nothing could be gained by widening the canal unless the capacity
of the Tocks can be increased drastically.
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FIGURE III-3 COMPARISON OF MODAL CAPACITY FOR GOODS MOVEMENT

HIGHWAY

2 lane-all trucks

RATLROAD

2 tracks-no signals
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A comparison of the capacities of basie facilities vividly shows
the higher capacities afforded by the two modes of water trans-
portation. The extremely high capacity of a barge canal is
somewhat misleading unless constraints imposed by locks are con-
sidered. Almost all barge traffic entering or leaving Texas must
pass through Vermilion Lock in Louisiana and its ultimate capac-
ity is calculated to be less than ome-fifth that of the open

canal.
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ENVIRONMENTAL CONSIDERATIONS

MAJOR AREAS OF CONCERN

Mechanized transportation is more than just a convenience for
man - it is essential for the survival of his society. Man cannot
continue to Tive in cities and provide for his needs without an exten-
sive, viable transportation system. Unfortunately, all modes of
transportation must have some impact upon the environment; however,
better facility design and improved propulsion systems can reduce the
detrimental effects of new transportation systems. The first step to-
ward improvement is logically a definition of the major areas of
environmental concern relative to transportation systems.

Alr Quality. Emmissions from transportation vehicles contain
several compoun%s which contaminate the atmosphere. Unburned hydro-
carbons react with nitrogen oxides in the presence of sunlight to

form smog. Carbon monoxide and lead compounds are poisonous to humans
and other animal 1ife. Huge volumes of carbon dioxide distdrb the
normal balance of the atmosphere. Particulate matter suspended in the
air creates a haze and eventual fallout. Therefore, the effect of
transportation systems on air quality is a major area of environmental
concern.

The extent to which transportation systems contribute to air
pollution is a source of much debate. A report released by the federal
government based on data collected in 1965 stated that motor vehicles
were responsible for 61% of the total annual air pollution tonnage.
However, two scientists working with the same data concluded that on a
relative toxicity basis, motor vehicles were responsible for only 12
percent of the nation's air pollution. A later federal study concluded
that in 1968 the total transportation sector was responsible for 42%
of the nation's air pollution.

The relative extent of air pollution from various sources is
important in establishing priorities for concerted remedial actions.
However, even if transportation systems are responsible for only a
small percentage of the nation's total air pollution, they do produce
emmissions that damage the atmosphere. Air quality must be considered
a major area of environmental concern as long as transportation systems
can create a killing smog under certain atmospheric conditions.

Water Quality. Most transportation systems do not pollute the
water directly, but fallout from the air can result in significant
deteriorations in water quality. Water transportation systems do have
a direct impact on water quality since ships and barges sometimes
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discharge pollutants into the water. Also, when operating in confined
channels and canals, water vessels create severe water turbulence that
can result in a deterioration in water quality. Bays and estuaries

along the Texas coast play a vital role in the mariculture of the area

so water quality is a major area of environmental concern for the
Texas Coastal Zone.

Noise. Noise is usually defined as unwanted sound. In other
words, 1t is a nhuisance. Certainly, noise can be a nuisance, but pro-
longed exposures to high sound pressure levels can result in some
hearing loss. Sound pressure levels produced by some transportation
systems are compared to physiological effects in Table III-7. Obvi-
ously, transportation systems can produce sound pressure Jevels that

are physically damaging so noise is also a major area of environmental
concern.

TABLE III-7 PERCEIVED NOISE LEVELS

Physiological Effect Noise Level, Transportation Element
PNdB
Pain -140-
Jet-Liner on Takeoff
Some Hearing Loss -110- Unmuffled Truck Exhaust
Temporary Hearing Loss - 90- Motorcycles
Annoying - 80~ Busy Street
(Normal Conversation)
No Effects - 70- Automobile Traffic

Noise 18 one area of envirommental concern for transportation
systems. Other major arveaes of concernm include air quality, water
quality, waste heat, drainage patterns, and land-use patterns.

Waste Heat, Because of a basic law of nature, engines can never be
designed which effectively utilize all of the energy of combustion - some
of it must be lost or wasted. Existing propulsion devices utilize less
than 40% of the energy resulting from the combustion process. Thus,
more than half of this energy is dumped into the environment as waste
heat. Recent studies indicate that the average temperature levels of the
world's atmosphere are gradually rising. This rise in temperature may
be caused by the tremendous amount of waste heat generated by power plants,
industrial plants, transportation systems, residential heating and
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air-conditioning, and other activities of man. Some scientists fear
a "green-house" effect may cause the temperature levels to start rising
more rapidly and that the results may be irreversable.

Effects of waste heat upon the environment and the resulting addi-
tional fuel requirements make the relative efficiency of transportation
systems a matter of environmental concern. Of course, the efficiency
of transportation systems is also a matter of economic concern. There-
fore, waste heat is included as a major area of environmental concern.

Drainage. Construction of new transportation facilities change
the characteristics of water runoff in the immediate area. The guantity
of run-off usually increases and sometimes the drainage pattern is
altered by changes in grades. If the effects of changes in drainage

are not considered in the design of a facility, severe soil erosion and
possible flooding can result. Therefore, drainage should be a major
area of environmental concern in the design of transportation facilities.

Land-Use Patterms. Major transportation facilities can have a
strong impact on existing and future land-use patterns in adjacent areas.
The net result can be positive in nature, but if these effects are not
considered in the design and location of the facility, the result can
be disruptive to the overall urban environment. Existing and future
land-use patterns should be a major area of environmental concern in
the design of transportation facilities in or near urban areas.

Other Considerations. Transportation systems are sometimes condem-
ned on several other "environmental" counts including visual pollution,
litter and automobile junk yards. Although these problems are associ-
ated with transportation systems, they are not a direct result of the
construction or operation of transportation facilities. Litter occurs
along highways and streets, but it is generated by the people - not the
automobiles. Billboards and large neon signs are located along major
traffic facilities because of the large number of people using the
facility. Automobile junk yards persist because of economic considera-
tions that are external to the transportation system. Therefore, these
problems have not been included as major areas of environmental concern
for transportation systems.

COMPARISON OF MODES

Most studies of the relative impact of the various modes of trans-
portation upon the environment have shown that the highway mode results
in more environmental damage than the other modes. Part of this is due
to the relative usage of the various modes. After all, highways
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provide for more than 90% of all person movement and about 50% of all
goods movement in the nation. None of the studies conducted to date

" have tried to compare the relative impact of the modes based upon an

equivalent Tevel of activity.

Relative environmental impacts of various modes of transportation
are compared subjectively in Table III-8. This comparison assumes
normal operating conditions for each mode at an equivalent level of
activity. Potential environmental damages that could result from major
mishaps are not included in this evaluation. The possibility and re-
lative severity of mishaps such as ships breaking up, pipelines
rupturing, trains derailing, etc., are factors that should be considered
in the design and operation of all modes of transportation.

TABLE III-8 RELATIVE ENVIRONMENTAL IMPACTS OF
VARIOUS TRANSPORTATION MODES

Major Areas of Mode of Transportation
Environmental Concern Highway Air Rail Pipeline HWater

Air Quality High Medium Medium Low Medium
Water Quality Low Low Low Low High
Noise Medium  High Medium Low Low
Naste Heat High High  High  Medium  High
Orainage High Medium High Low Low
Land-Use Patterns High Medium High Medium High

All modes of transportation have some impact on the envivonment;
however, corrective actions are being taken to minimize the
severity of these impacts. Future transportation systems will be
more compatible with the enviromment.

Corrective actions are already being taken to reduce the severity
of most of these environmental impacts. Emission control devices are
included on new automobiles. The designs of newer jet engines have
significantly reduced their noise levels and exhaust emissions. Dis-
charges from water transportation vehicles are controlled. Drainage
and land-use considerations are included in the design of all new
transportation facilities. Thus, transportation systems of the future
will be more compatible with the environment.
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THE AUTOMOBILE

The automobile is the most visible source of air pollution to the
general public. Therefore, it has been the object of much criticism.
Some people have proposed eliminating all automobiles or, at least,
outlawing the internal combustion engine. However, there is no alter-
native mode of transportation available today that offers the degree
of flexability and level of convenience that an automobile provides.
Also, the urban form of American cities has been shaped by the auto-
mobile to such an extent that most of them cannot be served effectively
by any other existing mode of transportation. Thus, it seems that a
better strategy would be to seek ways to minimize the environmental
effects of automobiles while new forms of transportation are being
developed.

Exhaust from internal combustion engines, particularly gasoline
engines, contains a higher percentage of harmful products than exter-
nal combustion engines. Gasoline and Diesel engines might be replaced
by reciprocating steam engines, steam turbines, gas turbines, or even
battery powered electric motors. However, each of these alternatives
have serious drawbacks.

Reciprocating steam engines can not achieve but about one-third
the thermal efficiency obtainable with internal combustion engines (See
Figure III-10). Stationary steam turbine engines, such as those used
in electric power plants, achijeve higher thermal efficiencies than

FIGURE III-10 RELATIVE THERMAL EFFICIENCIES OF ENGINES

Engine Thermal Efficiency

Reciprocating Steam Engine

Steam Turbine (Atmospheric Exhaust)
Gas Turbine (Without Regenerator)
Gasoline Engine

Diesel Engine
Steam Turbine (Vacuum Exhaust)
Gas Turbine (With Regenerator)

0% 50% 100%

The internal combustion engine is one of the more efficient engines
developed by man. Indeed, no existing engine can achieve better
efficiencies over the broad range of operating conditione requir-
ed of motor vehicle engines.

I11-28



internal combustion engines, but much of this efficiency results from
the vacuum portion of the cycle. Vacuum exhaust steam turbines are so
large that they are impractical for automobiles. Steam turbines that
exhaust to the atmosphere are less efficient than gasoline engines.
Thus, steam engines do not appear to be suitable alternatives to the

“internal combustion engine.

Extensive efforts have been directed toward the development of a
gas turbine for use in automobiles. In fact, Chrysler Corp. built and
field tested a 1imited number of turbine powered cars in the early 1960's.
However, a suitable regenerator has not yet been developed for use in
automobiles, and without a regenerator, gas turbines are less efficient
than internal combustion engines.

Recent efforts have been directed toward the development of battery-
powered electric automobiles. Light-weight batteries which can provide
power for sufficient range and speed have not yet been developed. Some
of the higher performance batteries produce poisonous emissions so they
are not suitable for urban use. Also, it should be recognized that this
concept merely moves the source of pollution to the electric generation
station. : '

Conversion of gasoline engines to operate on propane or liquified
natural gas has also been proposed as a method of reducing pollution.
These Tighter hydrocarbon fuels burn to completion so that the only
exhaust products are carbon dioxide and steam. They cause a slight
loss in power but no loss in efficiency. However, the hazards associ-
ated with a possible rupturing of pressurized fuel tanks are serious
considerations for vehicles operating in urban traffic, The availa-
bility of fuels is also a problem. Propane is a by product of gasoline
plants, and the demand for natural gas is already taxing the supply.

The course of action now being pursued is aimed at reducing emis-
sions from automobiles by installing pollution control devices and
modifying designs when necessary. This course of action is already
yielding encouraging results. Data from continuing monitoring tests
indicate that the total amount of pollution produced by automobiles
peaked in 1967 and has been declining since. Total emissions are ex-
pected to continue declining during the next few years as older cars
go out of service.

Federal standards for 1975-1976 model automobiles require a 90%
reduction in air pollutant emissions from the 1970-1971 levels. Cars
produced after 1975 are required to maintain these Tow emission Tevels
for a period of five years or 50,000 miles of operation. In order to
meet these requirements after 50,000 miles of operation, newer low-
mileage cars must have even lower levels of emissions. Data included
in Table III-9 show that experimental models tested in 1971 are approach-
ing the Tow-mileage targets. However, manufacturers may have
difficulties in placing these experimental models into production.
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TABLE III-9 EMISSION LEVELS OF FUTURE CARS

Emissions, grams/mile

1975 Standards: HC C0 Nox
After 50,000 miles 0.41 3.4 3.0
Low-mileage targets 0.19 1.5 1.9

Experimental

Vehicles in 1971:

A 0.21 3.5 1.2

B 0.15 2.4 2.1
C 0.13 1.9 1.3
D 0.31 2.3 1.7
E 0.24 3.7 4.5

Federal standards for cars built after 1975 require a 90%
reduction from 1970 levels of air pollutant emissions. Experi-
mental vehicles tested in 1921 are approaching these targets.

Individual cities can greatly reduce emissions from automobiles

by improving traffic operations on city streets. Automobile emissions

are almost four times greater under stop and go traffic operations
than under normal freeway driving conditions. A comparison of rela-
tive emission levels under typical traffic operations on different
types of streets is presented in Table III-10. This comparison shows
that smoother flowing traffic conditions produce less pollution.

TABLE III-10 EFFECTS OF TRAFFIC CONDITIONS
ON AUTOMOBILE EMISSIONS

Typical Traffic Conditions Relative Emission
On Facilities Levels
Freeways 1.0
Arterial Streets 2.0
Local Streets 2.4
Central Business District 3.8

Stop and go driving conditions greatly inerease the emigsions
produced by automobiles. Improvements in traffic flow conditions
can significantly reduce air pollution.
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Individual automobile owners can also do much to help reduce air
pollution By keeping their cars well-tuned and timed for efficiency
rather than power. Most new automobiles being bought today have much
more power than is needed for normal urban driving. Indeed, some of
today's automobiles have better performance characteristics than the
best fighter planes of World War II (See Table III-11). If the in-
dividual truly wants to do something about air pollution, he can stop
buying such over-powered cars. Power loadings of 20 to 30 1bs/hp
should be sufficient for all urban driving conditions.

TABLE III-11 POWER LOADINGS OF VARIOUS TRANSPORTATION VEHICLES

Power Loading

Vehicle 1bs/hp
Aircraft:
W.W. II Fighter Planes 7-9
DC~7 Airliner 10
DC-4 Airliner 12

Automobiles (1970):

High Performance Models 7-10

Average Models 15-20

Mini-Compacts 30-50
Buses 40-100
Trucks 50-400
Railroad Trains 500-1000
Ocean-Going Ships 2000-4000

Some cars on the streets today have better performance character-
i8tics than the best fighter planes of World War II. If the
individual really wants to do something about air pollutiom, he
ean stop buying such over-powered cars. Also, he can keep his
car well-tuned and timed for efficiency rather than power.
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EXISTING TRANSPORTATION IN THE
TEXAS COASTAL ZONE

THE TRANSPORTATION INDUSTRY

The. entire economic structure of the State of Texas is founded upon
transportation. The importance of transportation becomes apparent when
the four largest sectors of the Texas economy are identified (See Table
IV-1). Three of the four are entirely dependent upon transportation
for their value. In other words, petroleum and agricultural products
are of little value at their point of origin if they can not be trans-
ported to a market. It becomes obvious, then, that a healthy
transportation industry is essential to a healthy economy.

TABLE IV-1 MAJOR ECONOMIC SECTORS IN TEXAS

Annual Output,

Sector Billions of Dollars
1. Petroleum Refining 6.6
2. Petroleum Production 4.4
3. Banking and Insurance 1.8
4. Agriculture - 1.3

Three of the top economic sectors in Texas are
entirely dependent upon transportation for their
value. In other words, petroleum and agricul-
tural products are of little value if they can
not be transported to a market. A healthy
transportation industry is essential to a
healthy economy.

The transportation “industry itself is a major sector of Coastal
Zone's economy. Nationally, the transportation industry carries an
annual average of 20 to 25 tons of goods per person in intercity
commerce. In 1970, the transportation industry in the Coastal Zone
handled over 110 tons per resident - more than 4 times the national
average.
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The importance of the Coastal Zone's transportation industry is
indicated by the data collected in the 1967 Census of Transportation.
Unfortunately, this survey was limited to major production areas, as
defined by the U. S. Department of Commerce; and to statewide totals.
Production Area 21 (which includes the metropolitan areas of Houston,
Beaumont-Port Arthur-Orange, and Galveston-Texas City) is the only
production area in the Coastal Zone. However, data for this produc-
tion area should be indicative of the region as a whole.

These data show that Production Area 21 ships 76% of all tons of

goods shipped from Texas. If petroleum and coal products are subtracted

from the totals, Production Area 21 still ships 40% of the State's
total. Shipments from the Coastal Zone go to all areas of the United
States, but the bulk of these shipments are destined for markets in
the northeastern portion of the country as indicated in Figure IV-1.
Obviously the transportation industry of the Coastal Zone connects
shippers in the area with a widely dispersed market.

FIGURE IV-1 DESTINATIONS OF GOODS SHIPPED FROM
PRODUCTION AREA 21 (PERCENT OF TONS)

NEW
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ATLANTIC

WEST 2.4
MOUNTAIN NORTH
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The transportation industry connects Coastal Zone shippers to
widely dispersed markets throughout the nation. However the bulk
of the shipments are destined for the northeastern portion of the
coUntry.
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shipped from Production Area 21 in 1963 and 1967.
of the goods shipped from the area traveled over 1000 miles.
there appears to be a trend toward shorter distances shipments. When
petroleum and coal products are subtracted from the totals, the dis-
tribution of distances is decidedly different and the trend toward
shorter-length shipments is even more pronounced.

Data in Table IV-2 show the distribution by distances for goods

However,

- TABLE IV-2 DISTANCE DISTRIBUTION OF SHIPMENTS FROM
PRODUCTION AREA 21 (PERCENT OF TONS)

A11 Commodities Except
A1l Commodities Petroleum And Coal Products

Distance Of

Shipment 1967 1963 1967 1963
Under 100 Miles 5.3 4.0 20.3 17.5
100-199 4.1 2.1 13.6 7.3
200-299 4.0 2.3 13.6 5.5
300-499 3.2 4.7 7.3 2.8
500-999 16.5 12.7 20.6 10.8
1,000-1,499 47.8 62.8 18.5 55.0
1,500 Miles and

Over 19.1 11.4 6.1 1.1

Total 100.0 100.0 100.0 100.0

More than two-thirds of the goods shipped from the Coastal Zone
travel over 1000 miles, However, there seems to be a trend to-
ward shorter-length shipments. When all petroleum and coal
products are subtracted from the total, this trend is more
evident.

Perhaps the most surprising factor indicated by these data is the

¥e1ative importance of water transportation to the Coastal Zone and to
exas.
Texas ports each year. As depicted in Figure IV-2, this represents
almost 90% of all shipments from the Coastal Zone. Unfortunately,
pipeline shipments are not included in these figures; nevertheless, the
relative importance of water transportation is surprising even for a
coastal region.

More than 120 million tons of goods are shipped by water from
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FIGURE IV-2 MODAL DISTRIBUTION OF GOODS SHIPPED
FROM THE TEXAS COASTAL ZONE

6.4+%

BY LAND

BY WATER

NOTE : PIPELINE SHIPMENYS
NOT INCLUD&D

Few Texans realize the importance of water transportation to the
Coastal Zone and to Texas, ver 120 million tons of goods are
shipped by water from Texas ports each year. This represents al-
most 90% of all shipments from the Coastal Zone and almost 75% of
all goods shipped from the State as a whole.

Most Texans seem to think of Texas as a huge land area with an

. excellant highway and railroad system. Their only thoughts of the coast

concern its excellent fishing and swimming opportunities. Hence, the
data shown in Table IV-3 astounds them. Almost three-fourths of all
goods shipped from the State as a whole travel by water. Of course, the
bulk of this water traffic carries petroleum products so the modal dis-
tribution Tooks quite different when petroleum and coal products are
substracted from the totals. This resulting 16% is more nearly what
most Texans would guess as the percentage of water transportation,
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TABLE IV-3 MODAL DISTRIBUTION OF GOODS SHIPPED FROM TEXAS
o A1T Commodities Except

Means Of A11 Commodities Petroleum And Coal Products
Transport 1967 1967
Rail 11.7 39.9
Common Motor

Truck 8.4 23.9
Private Motor _

Truck 6.0 19.9
Air - -
Water 73.8 15.9
Other .1 .4

Total 100.0 100.0
Texans don't seem to think of Texas as a seafaring state, yet,
almost three-fourths of all goods shipped from the State travel
by water. The Coastal Zone serves as the foeal point of trans-
portation for the entire State.

The total transportation system serving the Coastal Zone of Texas
includes major elements of all existing modes (highway, rail, air,
pipeline, inland waterway, and ocean transport). If the Coastal Zone
is to continue to thrive, each mode of transportation must remain
viable. Problems facing its transportation industry should be of
serious concern not only to the residents of the Coastal Zone but to
the entire State.
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WATER TRANSPORTATION

PORT ACTIVITY

Texas ports handled a total of 192 million tons of goods in 1970.
The Port of Houston is the third busiest port in the nation - exceeded
only by New York and New Orleans. The ports at Beaumont, Port Arthur,
Orange, and Sabine Pass all use the Sabine-Neches Waterway, and if
their activity is combined, they form the fourth busiest port in the
nation. Indeed, the data in Table IV-4 show that Texas rivals New
York in waterborne commerce. The totals for the State of New York in-
clude activity on the New Jersey side of the Port of New York-New

Jersey; hence, Texas may well bg“the leading seafaring state in the

nation,

TABLE IV-4 TONNAGE HANDLED BY U, S. PORTS IN 1968

PORTS MILLION TONS/YEAR
1. New York - New Jersey 175
2. New Orleans 114
3. Houston \ 58
4. Philadelphia 49

SHIP CHANNELS IN TEXAS

1. Houston Ship Channel 77
2. Sabine-Neches Waterway 55
STATES

1. New York 192
2. Texas 185
3. Louisiana 167

Water transportation is extremely important to the
State of Texas, and Texas maritime activities are
important to the nation. Texas rivals New York as
the premier seafaring state in the nation. Yet,
Texas has no state agency specifically concerned with
water transportation. :
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Considering the relative importance of water transportation to the
State and the relative importance of Texas maritime activities to the
nation, it seems ironical that Texas has a state agency specifically
concerned with every mode except water transportation. The individual
ports must try to solve their problems and to work with federal agencies
without assistance or support from the State. When the water trans-
portation industry suffers from unsolved problems related to Gulf and
waterway traffic, the economy of the State also suffers. Thus, the
viability of water transportation is a matter of concern to the entire
State of Texas.

The total tons of goods handled by Texas ports increased steadily
until 1967 when a slump in traffic occurred. As shown in Figure IV-3,
the total port activity in 1970 was barely back to what it was in 1966.
A generally sluggish economy was probably Targely responsible for this
slump. However, some disturbing possibilities are indicated by these
Tong term trends. Traffic using the inland waterway system increased
rapidly (about 7% per year) for more than 15 years, until 1967, and then
leveled off. Some of this leveling off in traffic is probably the re-
sult of severe congestion experienced on portions of the Gulf Intra- .
coastal Waterway. (This problem is discussed in greater detail in the
section concerning waterway traffic.) Even though a significant
recovery was made between 1969 and 1970, total ocean traffic has not
increased in the last ten years.

FIGURE IV-3 TRENDS IN ACTIVITY AT TEXAS PORTS
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Total activity at Texas ports increased steadily until 1967 when
a severe slump occurred. Mich of this slump was probably due to
a sluggish economy; however, some disturbing possibilities are
indicated by these trends.
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Texas ports handle three types of waterborne traffic - foreign,
domestic coastwise, and internal. Of course, foreign traffic is carried
between nations on ocean-going ships, Domestic coastwise traffic is
also carried on ocean-going ships but only between ports in the United
States. Internal traffic is carried in barges along the inland water-
way system. A comparison of the volumes of goods included in each type
of waterborne traffic at Texas ports is presented in Figure IV-4, Of
the total 192 million tons of goods handled, 123 million tons were
shipped out (64%) and 69 million tons were received (36%). This in-
dicates the role that water transportation plays in the exportation of
goods from the Texas Coastal Zone.

FIGURE IV-4 TEXAS PORT ACTIVITY - 1970
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Texas ports handled a total of 192 million tons of goods in 1970.
The bulk of this traffic was in shipments, about 64%, which in=
dicates the role that water transportation plays in the exporta-
tion of goods from the Texas Coastal Zone.
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OCEAN TRAFFIC

The term "ocean traffic" is used here to denote all goods entering
or leaving Texas ports on ocean-going ships - an annual average of about
120 million tons. Almost two-thirds of this traffic is domestic coast-
wise commerce most of which travels between Texas and the northeastern
seaboard. The remaining 40 million tons is in foreign trade primarily
with nations in South America and Europe. Thus, almost all of these
ships travel between Texas ports and other ports on the Atlantic Ocean.

The total tonnage of ocean traffic handled by Texas ports has not
increased during the past 10 years despite a significant growth in the
population and industrial activity in the Coastal Zone. The reasons
for this lack of growth are probably many and varied, but one contri-
buting factor must be the problems that hinder ocean traffic at Texas
ports. Several of these problems are discussed in the following
paragraphs.

One significant problem is the severe imbalance of flow for ocean
going vessels (See Figure IV-5). More than 85% of the ocean traffic
is outbound from the Texas Coastal Zone. This means that nearly all

FIGURE IV-5 [IMBALANCE OF FLOW IN OCEAN TRAFFIC
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More than 85% of ocean traffic is outbound from Texas ports.
Thus{ ?he rates charged for transporting Texas goode must be
sufficient to cover the cost of an empty back-haul.
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of the ships carrying Texas goods out must return empty. Hence, the
rates charged for transporting these goods must cover the cost of the
entire voyage rather than just half of it. Of course, the specialized
design of modern ships tends to limit the types of cargos they can
carry, but if back-haul traffic were available, they could be modified
to handie it.

Traffic congestion in the ship channels also causes a problem for
ocean traffic - particularly in the Houston Ship Channel and the
Sabine-Neches Waterway. These channels are not always busy, but
severe congestion does occur during peak-periods - just as it does on
streets and highways. In fact, several collisions between ships have
occurred in the Houston Ship Channel in recent years. Of course,
merchant ships are not the only vessels using these channels. Barges,
fishing trawlers, ferries, and recreational vessels also contribute to
the congestion. Traffic control systems can alleviate this problem
somewhat, and the Houston Ship Channel is one of 14 in the nation
currently being considered by the Coast Guard for a traffic control
system - after enabling legislation is passed.

Limited channel depths have presented problems of ocean traffic at
Texas ports for more than a century. Surveys by Commodore Moore of the
Texas Navy in 1841 showed that both Galveston Bay and Matagorda Bay had
natural channel depths of 12 feet - the deepest in Texas. Hence, most
of the ocean traffic serving Texas in the third quarter of the nine-
teenth century docked at either Galveston or Indianola.

Houston was located at the supposed "head of navigation" of Buffalo.
Bayou in 1836. The natural water depth of 6 feet was hardly sufficient
for most ships at that time even though the famed Constitution did sail
up the Bayou to Houston in 1837. Houston set the pattern for all Texas
ports by beginning channel improvements in 1840. Channel improvement
became a way of life along the Texas coast before the end of the cen-
tury. The aggregate effect of these efforts to increase channel depths
is depicted in Figure IV-6. Current channel depths at major Texas
ports are shown in Figure IV-7.

Even with such intensive efforts to increase them, channel depths
to Texas ports have consistantly lagged the ever-increasing drafts of
large ocean-going ships. Increases in ship sizes have never been as
rapid as in the past 10 years; therefore, present channel depths be-
come less adequate each year.

Almost half of the nation's petro-chemical industry and almost
one-fourth of its refining capacility is concentrated in the Texas
Coastal Zone. Consequently, the bulk of the tonnage in ocean traffic
is liquid petroleum products carried in ocean tankers. The size of
tankers has been increasing even faster than other ships during the
last ten years.

IV-10



FIGURE IV-6 HISTORICAL INCREASES IN CHANNEL DEPTHS TO TEXAS BAYS
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Channel improvement has been a way of life along the Texas coast
eince the late 1800's. Yet, channel depthe have consistantly lagged
behind the ever-increasing drafts of large ocean-going ships.

FIGURE IV~7 CHANNEL DEPTHS IN 1970
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Forty feet is the maximum channel depth along the Texas coast
today. This is barely deep enough to serve the "querage" size
tanker in the world fleet today.
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Recent trends in the "average" size of tankers are shown in Figure.
IV-8. The size of the average tanker under construction increased from
41,000 tons in 1960 to 116,000 tons in 1970. Two tankers exceeding
400,000 tons are now under construction and one 500,000 ton tanker is
on order. As these giants become operational, there is a corresponding
increase in the average size ship in the fleet. The average size tanker
operating in the world fleet in 1970 was 42,000 tons. This is about
as large a ship as the current channel depths can serve. Obviously,
some dramatic actions are needed if Texas ports are to be able to serve
future ships.

Note - See Section VI Future Altermatives: Super-
Draft Port for more detailed information concerning
ship sizes.

FIGURE IV-8 TRENDS IN AVERAGE SIZE OF TANKER SHIPS
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The size of the average tanker under construction inecreased from
41,000 tons in 1960 to 116,000 tons in 1970, As these giants
become operational, the average size tanker in the fleet also
increases. Dramatic actions are needed if Texas ports are to

be able to serve future ships.
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INLAND WATERWAY TRAFFIC

The Gulf Intracoastal Waterway extends from Brownsville, Texas to
Apalachee Bay, Florida. Its 1113 miles of canals, of which 423 miles
are in Texas, connects all ports on the Gulf of Mexico to more than
6000 mites of inland waterway centering on the Mississippi River. Di-
mensions of the Texas portion of the canal are as follows:

Brownsville to Galveston 12' deep x 125' wide
Galveston to Sabine Lake 16' deep x 150' wide.

ATl portions of the canal in Texas are essentially at sealevel so locks
are not required. However, to reach the Mississippi River, Texas goods
must pass through several locks in Louisiana.

Almost 70 million tons of goods were loaded onto or unioaded off
of barges at Texas ports each year from 1967 to 1970. Inland waterway
traffic in Texas increased rapidly from 1950 until 1967. In fact,
more than 4 out of every 5 additional tons of waterborne traffic
developed during the past 15 years have been due to the canal. The re-
cent leveling off in inland waterway traffic (refer to Figure IV-3,
page IV-7) may be Targely due to congestion at the locks on the Louisiana
portion of the canal. As peculiar as it may seem, conditions on the
Louisiana portion of the canal have a strong impact on Texas waterway
traffic.

About 36 million tons of waterway traffic crossed the Texas-
Louisiana border in 1970. Some 60% of this traffic (approximately 22
million tons) was coming into Texas from various places. The far-
reaching nature of inland waterway traffic is reflected by the distri-
bution map for goods shipped from Texas presented in Figure IV-9, More
than 75% of the 14.4 million tons of goods shipped from Texas was
destined for points north of Baton Rouge on the Mississippi River system.
Almost 60% of these goods went beyond the junction of the Ohio River with
final destination as far away as Pittsburgh, Chicago, and Minneapolis.
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FIGURE IV-9 MOVEMENT OF TEXAS GOODS ON INLAND WATERWAYS
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About 36 million tons of goods crossed the Texas-Louisiana border
on the inland waterway in 1970. Shipments from Texas went to
such far-flung markets as Pittsburgh, Chicago, and Minneapolis.

ALl of this traffic must pass through several locks between the
Mississippi River and Texas.
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Obviously the section of canal in Louisiana 1inks the Texas coastal
area to extensive market areas on the Mississippi-Ohio River system.
Relative traffic volumes for various segments of the Gulf Intracoastal
Waterway, depicted in Figure IV-10, show the Louisiana segment to be the
most heavily traveled. A total of 65 million tons of goods were carried
by barges in this portion of the canal in 1970. Some of this traffic
is local, but more than 36 miilion tons of it was going to or from
Texas. Several locks along this portion of the waterway system are
severely restricting the flow of traffic. Some barges have to wait 24
to 30 hours to pass through a lock. The total delays at Tocks can more
than double the normal travel time between Sabine Lake and the Mississ-
ippi River. Thus, traffic congestion and delays at these locks in
Louisiana can certainly deter future increases in inland waterway traffic
in Texas.

Note - See Section VI Future Alternatives: Inland
Waterway System for more detailed inmformation con=
cerning waterway traffic and lock capacities.

FIGURE IV-10 TRAFFIC VOLUMES ON GULF INTRACOASTAL
WATERWAY IN 1970 '
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A total of 65 million tons of goods travel over the Loutsiana
segment of the canal. More than 36 million tons of this traffic
18 going to or from Texas., Locks along this segment cause

severe delays which can deter future growth in waterway traffic
in Texas. '
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PIPELINES

The Texas Coastal Zone presently has a greater concentration of
pipelines than any similar size area in the world. This is not too
surprising considering the vast petroleum resources contained within
the Coastal Zone. The intensity of pipeline development within the
region is indicated by the map in Figure IV-11 showing crude oil and
petroleum products lines. Numerous natural gas pipelines also
criss-cross the zone, but they are not included on the map. Most of
the pipelines shown range from 6" diameter to 12" diameter; however,
some are as large as 20" diameter and one is 36" diameter,

FIGURE IV-11 PETROLEUM PIPELINES IN THE TEXAS COASTAL ZONE

CRUDE OIL LINES
---- PRODUCTS LINES

The Texas Coastal Zone has the highest density of pipelines in
the world. Diameters of these petroleum pipelines vary from 4"
to 36". Numerous natural gas pipelines also criss-cross the zone.

These petroleum pipelines transport a tremendous volume of goods
every year. The capacity of all pipelines within identifiable corridors
is depicted in Figure IV-12. The total capacity of pipelines entering
or leaving the Coastal Zone is sufficient to transport more than 150
million tons of crude o0il and petroleum products each year.
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Sizeable increases in pipeline capacity will probably be needed
if petroleum resources in the off-shore areas of Texas are developed
in the future. However, as the population of the Texas Coastal Zone
increases, locating and constructing additional pipelines will become
increasingly more difficult. Of course, additional pipelines can
probably be constructed within existing pipeline right-of-ways provid-
ing future needs lie within the same corridor,

FIGURE IV-12 CAPACITIES OF MAJOR PIPELINE CORRIDORS
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The total capacity of pipelines entering and leaving the Texas
Coastal Zone is sufficient to transport more than 150 million
tons of crude oil and petroleum products each year.
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RAIL TRANSPORTATION

The Texas Coastal Zone is served by an extensive network of rail-
roads that connect the region to the rest of the State and the nation.
The 2989 miles of main-l1ine tracks, shown in Figure IV-13, represent
more than 21% of all railroad mileage in Texas. Indeed, the Coastal
Zone was the birthplace of the Texas railroad system - every mile of
railroad track that was built in Texas prior to the Civil War was in
the Coastal Zone.

Unfortunately, statistical data concerning rail movements in
limited regions of a state are scarce. Based upon the Timited data
available, a total of 55 million tons of rail freight is estimated to
originate, terminate, or pass through the Coastal Zone each year. This
represents about 28% of all rail freight tonnage reported by Texas
railroads. The bulk of this rail traffic is estimated to be in cor-
ridors connecting the Coastal Zone to other regions.

FIGURE IV-13 RAIL LINES IN THE TEXAS COASTAL ZONE

An extensive network of 2989 miles of main-line railroads serves
the Texas Coastal Zone. Excellent rail conmections link the
Coastal Zone to the rest of the State and the nation.
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A comparison of the estimated traffic volumes in major rail cor-
ridors serving the Coastal Zone is presented in Figure IV-14. The
heaviest rail traffic occurs in the corridor connecting Houston to the
Dallas-Ft. Worth area and points north. An estimated 21 million tons
per year are carried in this corridor. This represents less than 20%
of the total capacity provided by existing rail facilities in the cor-
ridor.

None of the rail corridors serving the Coastal Zone are presently
operating at more than 20% of the basic capacity provided by the rail
lTines. If needed in the future, the basic capacity can be greatly in-
creased through signalization and centralized traffic control,
Consequently, it appears that no new main-line rail facilities will
be needed in the Coastal Zone in the foreseeable future. Indeed, rail
service might be improved by consolidating traffic and eliminating
duplicate facilities.

FIGURE 1V-14 ESTIMATED TRAFFIC VOLUMES IN MAJOR RAIL CORRIDORS
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A total of &5 million toms of rail freight is estimated to origi-
nate, terminate, or pass through the Coastal Zone each year.

Even so, none of the corridors appear to be cperating at more
than 20% of available capacity.
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Railroads play a major role in supporting Texas ports by trans-
porting goods to and from the coast. Every major port is served by
at least one railroad, and most ports are served by several rail lines.
The imbalance of rail traffic to the Coastal Zone, illustrated in
Figure IV-15, is indicative of this role. Large volumes of goods are
carried into the ports in the northern segment of the zone resulting
in a net inflow. Railroads carry several million tons of alumina from
ports in the central segment to aluminum plants Tocated inland, re-
sulting in a net outflow. If the fiow of ocean traffic is balanced in
the future, it will probably help to balance rail traffic.

FIGURE IV-15 IMBALANCE OF RAIL TRAFFIC
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Imbalances in rail traffic to the Coastal Zone result in higher
cost operations. Part of this imbalance, is due to the role that
ratlroads play in supporting the ports.
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AIR TRANSPORTATION

PASSENGER TRAVEL

Eight airports in the Coastal Zone are presently served by sched-
uled air passenger operations. Scheduled non-stop flights, both
intrastate and interstate, from these airports are shown in Figure
IV-16. Al1 other Coastal Zonhe airports have flights to Houston where
connections can be made to most major airports in the nation.

FIGURE IV-16 AIRLINE SERVICE FROM COASTAL ZONE AIRPORTS

NON-STOP INTERSTATE FLIGHTS
FROM THE COASTAL ZONE

Eight major airports in the Coastal Zone presently have scheduled
airline service. All of these airports have flights to Houston
where connections can be made to most major airports in the nation.

Nationally, air passenger travel increased ten times over between
1950 and 1970. Air travel from Coastal Zone airports has increased
similarly. Almost 3 million passengers boarded planes at these air-
ports in 1970. 1If recent trends continue, this total will increase
to 30 million by 1990. Numerous airport improvements have been nec-
essitated during the past twenty years by increased passenger traffic
and changing aircraft requirements. Similar airport improvements
will likely be required during the next twenty years.

The time required to drive to an airport has become a significant
portion of the total travel time for modern airline trips. An analysis
of average driving times required to reach the various airports shows
that very few areas of the Coastal Zone are more than 1 1/2 hours from
an air-carrier airport (See Figure IV-17). However, this situation
will probably worsen as urban areas increase in the future.
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FIGURE IV-17 GROUND ACCESS TIMES TO COASTAL ZONE AIRPORTS
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The time required to drive to an airport has become an apprecia-~
ble portion of the total travel time for moderm airline trips.
Very few areas of the Coastal Zone are presently more than 1 1/2
hours from an airport. However, this condition will probably
worsen as urban areas continue to increase in the future.
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AIR CARGO

In 1970, a total of 35 thousand tons of goods were shipped by air
cargo from Coastal Zone airports (See Table IV-5). This is an in-
significant portion of the total goods movement activity; however, air
cargo is the fastest growing form of goods movement. If recent growth
trends continue, the Coastal Zone will ship about one million tons by
air in 1990. This total will still be less than one-half of one per-
cent of all goods shipped, but it will be enough to require substantial
improvements to goods handling facilities at existing airports.

TABLE IV-5 AIR CARGO ORIGINATING AT
COASTAL ZONE AIRPORTS IN 1970
Percent
Air Port Tonnage 0f Total
Beaumont/Port Arthur 518.4 1.5
Brownsville 180.2 )
Corpus Christi 1,403.7 4.0
Galveston 34,0 0.1
Harlingen 213.3 0.6
Houston 32,515.3 92.4
Mission/McAllen/Edinburgh 285.1 0.8
Victoria 22.5 0.1
Total 35,172.5 100.0
Air cargo tis ‘the fastest growing form of goods movement. If
recent trends continue, the Coastal Zone will ship about one
million tons by atr in 1990. Substantial improvements of goods
handling facilities will be required to handle this traffic.
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HIGHWAY TRANSPORTATION

Highways form the backbone of the intercity and urban transporta-
tion systems serving the person movement needs of the Coastal Zone.
An extensive network of about 12,000 miles of freeways, highways, and
farm-to-market roads criss-cross the Coastal Zone. Traffic volumes on
the major highways in 1970 are depicted in Figure IV-18. Traffic vol-
umes on most of these facilities are less than half the current capacity
in most rural areas. However, traffic volumes increase rapidly as the
highways approach urban areas. Extensive highway and street construc-

tion will be required to serve the projected growth in urban population
during the next 30 years.

The average composition of vehicular traffic on rural highways in
this area is as follows:

Passenger vehicles 75%
Pick-ups and pannels 13%
Motor trucks 12%

100%.

About two-thirds of the large motor trucks are loaded with an average
load of almost 10 tons of goods. The remaining one-third of the trucks
are making empty back-hauls. Thus, an imbalance of flow also plagues
trucking operations in the Coastal Zone.

Estimates of the annual volume of goods moved by trucks over cer-
tain highways in the Coastal Zone are listed in Table IV-6. A total of
about 10.5 million tons of goods are trucked along highways leading
northwest out of Houston. This compares to an estimated 21 million
tons of goods moving by rail in the same corridor. However, more goods
are carried into and out of the Lower Rio Grande Valley by truck than
by rail. These estimates indicate that trucking provides a significant
segment of the goods movement capability in the Coastal Zone.
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FIGURE IV-18 1970 TRAFFIC VOLUMES ON COASTAL ZONE HIGHWAYS
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The Coastal Zone ig served by an extensive network of about 12,000
miles of freeways, highways, and farm-to-market roads. Current
traffic volumes on most of these facilities are less than half of
capacity in most rural areas; however, traffic volumes increase
rapidly as the highways approach urban areas. Extensive highway
and street construction will be required to serve the projected
‘growth in urban population.
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TABLE IV-6 ESTIMATED VOLUMES OF GOODS MOVED BY TRUCKS

Millions of

Facility and Location Tons/Year

1. U.S. 290 near Waller 4.3

2. Interstate 45 near Conroe 6.2
Total Corridor Northwest of Houston 10.5

3. U.S. 281 near Falfurrias 1.7

4, U.S. 77 near Riviera 1.6
Total Corridor to Rio Grande Valley 3.3

Trucking provides a significant segment of the goods movement
capability in the Coastal Zone. The total tonmnage carried by
trucks rivals that carried by raitl in some corridors.
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URBAN TRANSPORTATION

Motor vehicles operating on streets and freeways provide almost
all of the urban transportation in Coastal Zone cities. A1l of these
cities have developed at average population densities that are compati-
ble with an automobile-based transportation system. However, the
cities have been hard-pressed to provide new and improved facilities
fast enough to keep up with the rapidly increasing demand for urban
travel. The cities will face even greater challenges in the future.

Major arterial streets and freeways usually constitute Tess than
20% of the total street mileage, but they handle more than 80% of the
total urban travel, Arterial street and freeway systems of various
urban areas in the Coastal Zone are compared in Table IV-7. The total
mileage in these systems will probably have to be more than doubled dur-
ing the next 30 years. Even so, the Targer urban areas will probably
need some form of mass transportation to supplement the automobile-based
urban transportation system.

TABLE IV-7 URBAN ARTERIAL STREET AND FREEWAY SYSTEMS

Arterial Streets Freeways
Urban Area Pattern Miles Pattern Miles
Houston Grid 1200 Radial- 165
Circumferential
Beaumont-Port Arthur-

Orange Grid 300 Triangular 60
Corpus Christi Grid 150  Linear .40
Rio Grande Valley Grid 150 Linear 80
Galveston-Texas City Grid 100 Linear 35

Total - 1900 - 380

Arterial streets and freeways usually constitute legs than 20% of
the total street mileage, but they handle more than 80% of the
urban trips. Urban travel demands will probably triple in the
next 30 years. The larger urban areas will need to supplement
the automobile-based transportation system with some form of mass
transportation.
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Ownership of motor vehicles, especially automobiles, has increased
from one vehicle for every 2.2 persons in 1960 to one vehicle for every
1.7 persons in 1970. Indeed, in some urban areas in the Coastal Zone
there are now more registered motor vehicles than licensed drivers.
This increase in automobile ownership has been accompanied by a cor-
responding increase in propensity to travel. Studies in other Texas
cities show that the average number of daily auto trips per person has
increased about 50% over the past ten years. Hence, the demand for
urban travel has increased much faster than population.

Total urban population in the Coastal Zone is expected to double
during the next 30 years - an additional 3 million persons. If these
cities continue to develop at average population densities of about
2500 persons per square mile, an additional 1200 square miles of land
area will be developed. This new development will require more than
3000 miles of major arterial streets and freeways as well as 15,000
miles of local and collector streets. Additionally, many miles of

existing arterial streets will need to be replaced with better facili-
ties,

As surprising as it may seem, the percentage of urban Tand area
required for transportation facilities has actually gone down in re-
cent years despite dramatic increases in urban travel. Approximately
26% of the land area is devoted to streets in newer auto-oriented
developments while more than 35% is devoted to streets and alleys in
areas developed before the automobile. Land-use characteristics of
Coastal Zone cities are compared to the average for all Texas cities
and the national average in Table IV-8.

Existing railroad lines require approximately 6% of the overall
developed land in Coastal Zone cities. These railroads are act-
ually a part of the intercity transportation system rather than the
urban transportation system. No significant increases in railroad
lines are expected during the next 30 years; however, it may be bene-

ficial of some of the cities if portions of these rail Tines are
relocated.
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TABLE IV-8 LAND USE CHARACTERISTICS OF URBAN AREAS

Percentage Of Developed Land Area

Coastal Zone Texas National

Land Use Cities Cities Average
Residential 39 37 37
Commercial 4 4 3
Industrial 10 5 5
Public & Semi-Pub]ic 11 12 17
Streets and Alleys 30 38 33
Other Transportation 6 4 5
Total 100 100 100

All transportation facilities presently occupy about 36% of
the total land area in Coastal Zone cities. Newer develop-
ments require less land area for transportation so this
percentage should decrease in the future.
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COMPARISON OF THE NORTHEAST CORRIDOR
AND THE TEXAS COASTAL ZONE

GENERAL CHARACTERISTICS

The Northeast Corridor stretches from Washington, D.C. to Boston
and includes such cities as Baltimore, Philadelphia, Newark, and New
York City. More than 20% of the nation's population is concentrated in
this region which includes less than 2% of the nation's land area. It
is not surprising, then, that the Northeast Corridor is facing some of
the most severe urban and transportation problems in the nation. It is
surprising, however, to realize that the Texas Coastal.Zone resembles
the Northeast Corridor in many ways now and might possibly look even
more like it in the future. Thus a comparison of these two regions can
provide information that will be useful in helping the Texas Coastal
Zone to avoid many of the problems now plaguing the Northeast Corridor.

Some of the geographic similarities become apparent when maps of
the two areas are drawn to the same scale and placed side-by-side as
presented in Figure V-1. The two regions are about the same size and
shape, The Northeast Corridor, as defined in other studies, encompasses
about 57,000 square miles. The Texas Coastal Zone, as defined for this
study, includes some 33,000 square miles. Furthermore, the distances
between some major cities are equivalent, as shown in Table V-1.

Obviously, both regions contain extensive coastlines with bays and
harbors serving numerous major seaports. The availability of water trans-
portation has had a great effect on the Tocation and growth of cities in
both regions. The cities are major transportation hubs serving a large
hinterland. This has resulted in a high level of industrial activities
in the cities. Thus, the major developmental forces acting on both
regions are very similar.

Contrary to popular belief, the Northeast Corridor is not just one
huge city. In fact, less than 10% of the land area is urbanized. About
3% of the land area of the Texas Coastal Zone is urbanized. This means
that about 90% of the land area in both regions is rural in nature.
Agricultural activities are a major factor in the economy of both
regions. More than 33% of the land area in the Northeast Corridor is
still devoted to agricultural production. A whopping 83% of the Texas
Coastal land is in farms and ranches.



*AOPLLIO) 4SDYJION 2YJ UL FuUsprad mou sue]qoad uolzviiodsubxg sums ay3 fo auos 23paao 03 ybnous
Burmoab si uorgvyndod s sucsasd uol]]UU Zp UIDIUOD Joasu Avu suoy 1v18VOY SVX] oY: ybnoyaly
‘uorgpgaodsuvay fo spou Rasas fo sjusuele dofvu Aq poalos 2a0 SDoID Y30q pub $83400008 SNOIOUNU

pavy suoibad yi0q SavIwLs oaL 891320 AOLDU UDDMGO] 8IOUDISLP . fOUDS BY3 NOGD 2D SDIIY PUv]

*AOPLAL0,) 2.8DOYIAON oYq puw epXxa] fO suU07 1036D0) Y3 USPM1Dq 382XD 89LPLAV]LULE BUIYIIIS

YL
— . = -
iNOZ 1VISVOD SVXIl ——— % .Wg“g
=== _
0NX =40~
3B 4o 4INY — =
l‘lW«u H.u S - .
gt 4 *
[ —- fon _.JMJ\.«,J. &> -
—_— A -3 H'\r.\j r = y
=Wy ,, sl
" o =/ 1 ¢ R
=) WA = L VT
— A N OVR e L ) /
i (x\ﬁ xR sg| § | 7
=L\ AN \/m N/,,f.,ﬁ =g _\JD: 2 ()7 ,\\k.ﬂ :
e ) & s = e Lhaubannes 7 ~
= Wi N AN = [ R L g b /
p— b \W o ¢ Y - =\ ) S y 3 A¥0 A M3
o St J e
bsE_SUﬂ// ffx Ny \._,,. { ‘l“h\lwsw.v Tt ohesy il =
§ —" onrj A \ q
— \_mﬁ-

V-2

INOZ VISVOD S¥X3lL .mz< 400IY¥Y0d LSYIHLYON 40 NOSIYYAWOI L-A 3dN9ld

{m

J



TABLE V-1 EQUIVALENT DISTANCES BETWEEN CITIES

Approximate
Texas Coastal Zone Airline Miles Northeast Corridor
Orange to McAllen = 390 = Boston to Washington
Houston to Corpus Christi = 190 = New York to Washington
New Yorkozo Boston
Houston to Beaumont = 80 = New York to'Phi1de1phia
Houston to Texas City = 35 = Washington to Baltimore

Several city-pairs in the Northeast Corridor are the same distance
apart as city-pairs in the Texas Coastal Zone. Thus the relative
influence that one city has upon the other's future growth might
be similar in both regions.

The population of the Texas Coastal Zone is expected to double in
the next 30 years, increasing from 3 1/2 million in 1970 to 7 million
by the year 2000 AD. The Northeast Corridor experienced a similar rate
of growth when it was at the same stage of development. It's population
increased from 3.6 million in 1820 to 7.2 million in 1850. Indeed the
data presented in Table V-2 indicates that these two regions have very
similar growth patterns except that the Texas Coastal Zone is about
150 years behind the Northeast Corridor in overall population growth.
Considering the increased level of mobility of people today, the popu-
lation of the Coastal Zone could grow at even faster rates.

Approximately 85% of the population of both regions live in urban
areas. The cities of the Northeast Corridor are much older than Texas
cities and have different urban forms. About half of the urban develop-
ment in the northeastern region occurred before the automobile began
to shape cities - about 1920. Consequently, the population density in
the older portions of the cities is much higher than in the Texas
Coastal Zone. However, the suburban development of the past twenty
years looks very much the same in both regions.

Transportation systems serving both of these coastal regions in-
cludes major elements of every mode. Considerable rail, highway, and
canal networks connect both regions and their extensive ports to large
inland areas. Serving as transshipment points, their cities have be-
come magnets attracting all types of industrial activity. Consequently,
transportation is especially important to both regions in two ways.
First, the transportation industry itself is an important sector of the
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TABLE V-2 POPULATION GROWTH OF THE TWO REGIONS

Population, Millions

Year Northeast Corridor Texas Coastal Zone
1800 2.2 -

1820 3.6 -

1850 7.2 0.05

1900 17 ' 0.4

1920 24 0.7

1950 31 2.1

1970 42 3.5

The population of the Texas Coastal Zone is expected
to double in the next 30 years., The Northeast
Corridor experienced a similar growth when it was at
the same stage of development, These two regions
exhibit similar growth patterns if the Texas Coastal
Zone 18 assumed to be lagging the Northeast Corridor
by 150 years.

economy; second, nearly all economic activity of both areas is heavily
dependent upon transportation services.

Perhaps the most significant difference in the two regions, rela-
tive to transportation planning, is the difference in respective
political jurisdictions. The Northeast Corridor spans all or parts of
10 states as well as the District of Columbia. The total area includes
119 counties. The Texas Coastal Zone, on the other hand, covers 36
counties all of which 1ie within a single state. Thus the opportunity
for effectively planning and coordinating future developments in the
Texas Coastal Zone is much better than it ever could have been in the
Northeast Corridor. ,

The population of Texas Coastal Zone will probably never reach 42
million, but it will increase enough to create the potential for many
of the same transportation problems that are now evident in the North-
east Corridor. A closer Took at some of these transportation problems,
and the types of developments in the Northeast Corridor, can yield infor-
mation that can be used to avoid them in the Texas Coastal Zone.
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URBAN AREAS
URBAN FORM

Populations of the major metropolitan areas of both regions are
listed in Table V-3. The population of the Houston Metropolitan area
is expected to approach that of Washington, D.C., or Boston within the
next 30 years. Thus, a comparison of these three cities is made in
an effort to identify some of the alternatives and consequencies of
future developments in Houston.

This comparison is more concerned with the characteristics of the
entire metropolitan development of these areas than with the develop-
ment within their respective jurisdictional limits. The U. S. Census
Bureau defines an "urbanized" area as one containing at least 50,000
persons in a continuous urban development of at least 1000 persons
per square mile. Therefore, all comparisons made in this section are
based upon urbanized area statistics.

Boston was founded in 1630 and soon established itself as one of
the major seaports serving the American colonies. Many of the streets
and travelways in use today were originally laid out to serve horse-
drawn transportation. Fixed-way transit systems, installed in the
1880's, helped to shape the urban form. High density corridors radiate
out from the city center along the major transit routes. Then, after
the advent of the automobile and commuter trains, a low density.per-
imeter developed around the older portions of the city. Thus, the
urban form of Boston typifies the "High-Density Corridor" concept
discussed in Section III.

Washington, D.C. was originally planned in 1791 as the nation's
capital. The plan included broad thoroughfares radiating out from the
center. A radial street pattern such as this would normally have
stimulated high-density development at the center; however, building
height restrictions kept the density levels in Washington, D.C. Tower
than was typical of other northeastern cities. The overall urban form
of Washington, D.C. remained pretty much as dictated by the original
plan until the Capital Beltway was opened during the mid-1960's, This
circumferential freeway acted as a magnet pulling development outward
so that now the entire development within the beltway is at a relatively
constant density.

Although, Houston was founded in 1836, it did not really begin to
grow until World War I, and its population has more than doubled since
1950. Thus almost all of the development in Houston was influenced by
the automobile. Consequently it is characterized by relatively low
density development in a circular shape with longer fingers extending
outward along major highway corridors.



TABLE V-3 MAJOR METROPOLITAN AREAS OF BOTH REGIONS

Metropolitan Area 1970 Population

Northeast Corridor

New York City-Newark 16,207,000
Philadelphia 4,022,000
Boston 2,653,000
Washington, D.C. 2,481,000
Baltimore 1,580,000
Providence-Pawtucket 795,000
Springfield-Chicopee 514,000
Hartford 465,000
Bridgeport 413,000
Wilmington ‘ 371,000

Texas Coastal Zone

Houston 1,644,000
Beaumont-Port Arthur-Orange 280,000
Corpus Christi 213,000
Galveston-Texas City 152,000
McAllen-Edinburg 91,000
Brownsville ' 53,000

The population of the Houston Metropolitan Area is
expected to approach three million in the next 30
years. Thus a comparison of its characteristics with
those of Boston and Washingtom, D.C. might provide
useful information concerning alternatives and con-
sequencies of future developments.
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Recent growth trends of these three metropolitan areas are compared
in Figure V-2. The population of Boston has increased slightly during
the past twenty years while the populations of the other two areas have
increased rapidly. Houston now covers slightly more total land area
than either of the other two cities even though its population is
appreciably less. This is indicative of the lower overall population
density of the Houston area.

The type of housing predominant in a city largely determines its
overall population density; therefore, trends in population density
and housing characteristics of these three urbanized areas are compared
in Figure V-3. More than 70% of the residents of Houston live in
single family housing and the resulting overall population density is
only 2500 persons per square mile. Less than half of the people in
Boston live in single family houses while slightly more than half of
the residents of the Washington, D.C. area live in single family hous-
ing. Even so, the overall population density of Washington, D.C. is
slightly greater than that of Boston. This is because Boston has a
very high density central portion surrounded by large areas of low
density suburbs while Washington, D.C. has a relatively constant medium
density over most of its area.

The population densities of both Boston and Washington, D.C. are
about double that of Houston. Perhaps the best way to visualize the
differences in these cities is to imagine the changes necessary to
make Houston look 1ike the others. Houston would approach the urban
form of Washington, D.C. if a city the size of Dallas could be stacked
on top of the existing development. The changes needed to make it
approach the urban form of Boston are even more drastic. An additional
million persons would have to be added to several corridors extending
from downtown outward to Loop IH 610.

Another interesting factor is indicated in Figure V-3. Since the
mid 1930's, partially because of low interest loans sponsored by federal
programs, there has been a nationwide trend toward single family housing
units., Apparently this trend reversed between 1960 and 1970. The
increase in apartment dwellers may have been caused by any or all of the
following factors:

(1) Economic conditions - high interest rates and tight money;

(2) Baby boom of 1940's - large increase in number of new
families being formed;

(3) Apartment design - more amenities included in modern
apartments; or

(4) Change in preferences - an increasing number of families
in the -age group for which apartment living is attractive.
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FIGURE V-2 GROWTH TRENDS OF THREE URBANIZED AREAS
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Houston has grown rapidly in population and land area over the
past 20 years. It covers more land area than either Boston or
Washington, D.C. even though its population is less. This is in-

dicative of the lower overall population density of the Houston
area.

FIGURE V-3 POPULATION DENSITY AND HOUSING CHARACTERISTICS
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The predominant type of housing in a city largely determines its
population density. Fewer persons live in single family houses
in the northeastern cities; consequently, their population den-
sities are about double that of Houston, However, it appears
that the long-tevm trend towards single family housing may have
reversed betweer. 1960 and 1970.
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Whatever the cause, this new trend has significant implications
for future plans. If 30% of the future residents of Houston are
willing to live in apartments, high density areas can be developed
which can be economically served by transit systems.

TRANSPORTATION SYSTEMS

Urban transportation systems help to shape new development in a
city; conversely, the established urban form constrains the types of
urban transportation that can be used effectively within a city,
Houston, Boston, and Washington, D.C. provide an interesting contrast
in urban forms and transportation systems. Their respective urbanized
areas and major transportation elements are compared in Figure V-4,

Houston and Washington, D.C. presently depend entirely on auto-
mobiles and buses operating on streets and freeways. Boston's urban
transportation system, on the other hand, includes almost every exist-
ing mode of urban transportation. Boston still uses some of the
trolley and street car lines that were originally built in the 1880's.
Boston built the nation's first subway system in 1897 and connected it
to some elevated lines to form a rail rapid transit system having six
major routes that are still in use today. It is also served by ten
commuter rail lines and a large bus operation. Even with all of these
transit facilities, Boston has more miles of freeway than either Houston
or Washington, D.C. (See Table V-4).

The automobile is the backbone of the urban transportation system
in all three cities. Data taken in the 13960 census, presented in
Figure V-5, indicate that even then more than two-thirds of the work
trips were made by automobile. - Unfortunately, similar data were not
taken in the 1970 census, but automobile ownership has increased in all
three areas in the past ten years so it is safe to assume that an even
higher percentage of work trips are made by automobile today. The
bulk of transit ridership in these cities is in work trips; therefore,
the percentage of urban travel made by the automobile is certainly much
greater than indicated by work trips alone.

N

Another interesting factor is indicated by a comparison of the
automobile ownership and work trip characteristics. The percentage of
workers using transit for work trips in each city is almost identical
to the percentage of families that do not own a car. Numerous transit
studies recently conducted in various cities in Texas have revealed
that, without exception, more than half of the bus riders are from
families that do not own a car. Furthermore, 85% to 90% of the bus
passengers stated that they did not have a car available for that par-
ticular trip. Apparently then, potential transit riders are largely
]imi%ed to those families that do not own cars and some of the one-car
families.
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FIGURE V-4 COMPARISON OF THREE URBANIZED AREAS
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These three cities provide an interesting contrast in urban forms
and urban transportatien systems. ALl three cities cover about
the same land area,but their urban forms are quite different.
Houston hae relatively constant low density developments, Washing-
ton, D.C. has constant medium densities, and Boston has a very
high density core surrounded by low density suburbs.
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TABLE V-4 URBAN TRANSPORTATION SYSTEMS

Characteristic Boston Houston Washington, D.C.
1970 Population, millions 2.7 1.6 2.5
1970 Land Areé, sq. miles 630 660 480
Freeway, miles 189 163 164

Rail Rapid Transit, miles 42 0 0
Trolley & Streetcar, miles 34 0 0
Commuter Rail, miles 160 0 0
Number of City Buses 21200 334 1778
Number of Rail Vehicles ~ 900 0 0

Houston and Washington, D.C. presently depend entirely upon auto-
mobiles and buses for the movement of people within the urban
area. Boston, on the other hand, has extensive rail systems in
addition to automobiles and buses. Yet Boston seems to have
greater problems with urban transportation than the other cities.

FIGURE V-5 TRANSIT RIDERSHIP AND AUTO OWNERSHIP
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These data from the 1960 census indicate that transit riders come
primarily from families with no car. Both Washington, D.C. and
Boston have about the same total ridership,but Boston's is split
between several modes. The Boston transit system has experienced
severe operating deficits while the one in Washington, D.C. seems
to be thriving.
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Washington, D.C. seems to be the only one of the three cities with
a thriving transit operation. It has the highest level of transit
ridership of any city its same size in the nation. Indeed, Washington,
D.C. has actually experienced increases in transit ridership during
recent years while other cities were experiencing a steady decline in
ridership. Several factors seem to contribute to the relative success
of Washington's four privately owned bus companies. First, the
medium-high density development over a large area provides a type of
development that is well suited for bus operations. Second, an unusually
large number of persons are employed within an area having limited park-
ing and relatively high parking fees.

Transit operations in Boston, on the other hand, are encountering
severe problems with decreasing ridership and rapidly increasing oper-
ating costs. The Massachusetts Bay Transportation Authority (MBTA)
operates almost 1600 of the more than 2100 transit vehicles serving the
Boston area. MBTA has been incurring increasingly large operating
deficits in recent years. Its total operating deficit for 1971 is
estimated to be $75 million - this is a total of $30 per person in the
Boston Metropolitan Area.

Boston and Washington are both serving about the same total number
of transit riders; however, Boston is splitting their ridership between
several modes while Washington uses only buses. Indeed, several of the
major high density corridors in Boston are served by rail rapid transit,
commuter rail, and buses using freeways. Thus the different modes are
competing directly for the same riders. This factor may explain some
of the financial difficulties of Boston's transit system.

Washington, D.C. is currently building a rail rapid transit system
with 98 miles of routes at an estimated cost of more than $3 billion. '
A small portion of this rail rapid transit system is expected to open
in 1976 and the remainder should be operational by 1980. It will be
interesting to see if this new transit system attracts new riders or
if it just diverts passengers from existing bus operations.

A new rail rapid system was approved in November 1962 and is now
nearing completion in San Francisco,and one has recently been approved
for Atlanta. The least expensive of these three new rail rapid transit
systems is estimated to cost more than $1.5 billion dollars. The
magnitude of such costs is more apparent when they are compared to
the costs of other urban transportation systems. For instance, the
total cost of replacing the entire bus system in Washington, D.C. is
estimated to be less than $90 million. The total investment in the
516 miles of highways and freeways in Harris County, Texas, to use an
ng?ple from the Coastal Zone, is less than $600 million (See Table

V=12
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TABLE V-5 COST COMPARISON OF VARIQUS
URBAN TRANSPORTATION SYSTEMS

System Cost

1. MWashington, D.C.'s Rail Rapid Transit $3,000,000,000
System 98 route miles

2. Washington, D.C.'s Bus Transit System $90,000,000
Estimated replacement cost of 1780
Buses, garages, shops, and equipment

3. Harris County Highway System, $594,000,000
Total investment from 1917 to 1970 in
516 miles of highways and freeways

New rail rapid transit systems are being built in San Francisco
and Washington, D.C., and one has recently been approved for
Atlanta. The least expensive of these systems will cost more
than $1.5 billion. Such astronomical cost figures have little
meaning until they are compared with the costs of other urban
transportation systems.

Most experts agree that high density corridors are needed to support
a rail rapid transit system such as those presently operating in Boston,
Philadelphia, and Cleveland. The relative densities of corridors in
these three cities as well as Washington, D.C. and Houston are compared
in Figure V-6. Boston and Philadelphia both have extremely high-density
corridors while Cleveland is more 1like Washington, D.C.. If corridor
density were the only consideration, these cities should be well suited
for rail rapid transit service, yet, their transit systems are all
experiencing severe financial difficulties. These factors should be
included in the evaluation of future transit plans for Houston.

Transit service in Houston is provided by a privately owned bus
company operating less than 350 vehicles. Despite decreasing rider-
ship in recent years, the bus company has managed to maintain a
financially sound operation. However, there are strong indications
that this situation will not continue for much longer; consequently a
large transit study is now being conducted to determine future transit
alternatives for Houston. Two factors contribute largely to the un-
favorable transit conditions in Houston. The population density is
less than needed to support an economical bus operation and the auto-
mobile ownership and usage is higher than in the other two cities.

V-13



FIGURE V-6 COMPARISON OF CORRIDOR DENSITIES
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Most experts agree that high density corridors are needed to
support a rail rapid transit system such as those operating in
Boston, Philadelphia and Cleveland. These cities all have high
density corridors and yet their transit systems are experiencing
severe financial difficulties. These factors should be consider-
ed in evaluating future transit plans for Houston.

Recent increases in the percentage of families living in multi-
family dwelling units indicate that substantial areas of higher density
development will occur within the Texas Coastal Zone in the future.
These areas might be effectively served by bus rapid transit if appro-
priate steps are taken to locate and orient this higher density
development rather than to have it occur randomly. Future transportation
problems will largely depend upon how well the cities take advantage
of the opportunity to shape this higher density development for positive
results. The following factors should be considered by the cities in
developing a workable policy relative to achieving a balance between
land use and transportation:

(1) Many Coastal Zone residents have demonstrated a willing-
ness to live in medium-density developments (garden
apartments), but their willingness to live in high-density
developments (high-rise apartment buildings) is not known;
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(2)

(5)

Numerous areas are suitable for medium-density develop-
ment while few corridors are available for high density
development within the existing built-up area;

Bus transit operations and medium density developments
are more nearly compatible with existing automobile-
oriented development;

Bus transit systems have been demonstrated to be oper-
ationally and financially successful when serving
medium-density areas; and

An extensive street and freeway system is already in
existance.

V-15
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REGIONAL DEVELOPMENT
GOODS MOVEMENT

Both the Texas Coastal Zone and the Northeast Corridor are served
by major elements of every mode of intercity goods movement, and their
economic activities are heavily dependent upon these transportation
services. Perhaps this is best indicated by the data presented in
Table V-6 concerning the volume of goods shipped from major production
areas in each region., These data are from the 1967 Census of Trans-
portation which 1ists one production area in the Texas Coastal Zone
(includes the Houston-Galveston and Beaumont-Port Arthur-Orange
Metropolitan Areas) and 8 production areas in the Northeast Corridor.
Unfortunately, these data do not include shipments made by pipelines.

It is surprising to note that the one production area in the Texas
Coastal Zone shipped more tons of goods than all 8 production areas in
the Northeast Corridor. The modal distribution of shipments indicates
that there is a heavier reliance on water transportation in the Coastal
Zone than in the Northeast Corridor. However, it should be noted that
these data are for shipment from the production area to other produc-
tion areas and other portions of the nation. Hence, many of the
shipments in the Northeast Corridor were between production areas in
the same region - movements for which trucking is well suited.

A comparison of the commodity distribution of these shipments
indicates a more diversified economy in the Northeast Corridor. The
bulk of the Texas shipments were petroleum products. Indeed much of
this petroleum was destined for the Northeast Corridor.

Water transportation is extremely important to both regions. There
are 23 major ports in the Northeast Corridor and 13 major ports in the
Texas Coastal Zone. Relative port activities of the two regions during
1969 are compared in Table V-7. Texas ports shipped more tons of goods,
but total port activity was greater in the Northeast Corridor,

These data indicate a basic difference in the goods movement picture
for the two areas. The Northeast Corridor consumes more tons of goods
than it ships due to its high concentration of population. Thus a
continuous flow of goods into the region is essential for the survival
of its residents. If only mode of transportation suffered a Tong break-
down, many essential items would be in short supply in just a few days.
As the population of the Texas Coastal Zone increases, this same
situation will tend to develop.
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TABLE V-6 SHIPMENTS FROM PRODUCTION AREAS

Texas Coastal Zone

(1 Production Area)

Northeast Corridor
(8 Production Areas)

Tons % Of Tons % Of
Description (1000's) Total (1000's) Total
Total Shipments 157,071 100 129,816 100
Modal Distribution
Rail 10,053 6.4 22,456 17.3
Truck 6,911 4.4 74,116 57.1
Air - - 111 0.1
Water 140,107 89.2 32,196 24.8
Other - - 937 0.7
Commodity Distribution
Petroleum & Coal 136,996 87.4 28,343 21.8
Chemicals 14,678 9.4 18,084 13.9
Food 1,746 1.1 18,128 14.0
Primary Metals 1,571 1.0 8,679 6.7
Fabricated Metals 969 0.6 4,843 3.7
Stone, Clay, etc. 567 0.4 8,139 6.3
Machinery 126 0.1 937 v
Pulp, Paper, etc. - - 6,049 4.7

Source: 1967 Census of Transportation

Both the Texas Coastal Zone and the Northeast Corridor are major
shipping areas; in fact, the total toms of goods shipped from the
Coastal Zone actually exceeds that of the Northeast Corridor.
Thus the economic activities of both areas is heavily dependent
upon transportation services,
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TABLE V-7 PORT ACTIVITY IN 1969

Texas Coastal Zone ‘Northeast Corridor
(13 Ports) (23 Ports)
Tons % Of Tons % Of
Category (1000's) Total (1000's) Total
Total Activity 175,606 100 405,517 100
Receipts 62,767 35.7 261,931 64.6
Shipments 108,554 61.8 86,723 21.4
Local Movement 4,285 2.5 56,863 14.0

Water transportation is extremely important to both the
Texas Coastal Zone and the Northeast Corridor. These data
indicate one of the basic differences in the goods movement
in the two regioms. The Northeast Corridor consumes more
goods than it produces due to its large concentration of
population. As the population of the Coastal Zone increases,
this same situation will tend to develop.

INTERCITY TRAVEL

Between 1950 and the mid-1960's, substantial improvements were made
in intercity travel conditions in both the Northeast Corridor and the
Texas Coastal Zone. Construction of new highways, especially the Inter-
state system, and improvements in automobiles resulted in a 30% to 40%
reduction in driving times between major cities. The introduction of
jet aircraft decreased flying time by a similar percentage. The advent
of relatively light-weight diesel-powered passenger trains shortly after
WW IT also resulted in improvements in intercity rail passenger service.
However, these trends toward reduced intercity travel times have already
reversed in the Northeast Corridor and they appear to be bottoming out
in the Texas Coastal Zone.

Cities within the Northeast Corridor generate large volumes of
intercity traffic. This is primarily due to their size and secondarily
due to their related economic activities. Intercity highway facilities
within these heavily traveled corridors have been appreciably better
than in directions perpendicular to the corridors. Thus the trans-
portation facilities themselves stimulated growth along the
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corridor - small communities developed into large communities with
economies largely dependent upon the major urban centers. These new
urban developments generated more traffic along the corridor requiring
more facilities which in turn stimulated more growth in a seemingly
never ending cycle. Considering the long lead times between design
and construction of major highway facilities today, it appears that
intercity travel times in the Northeast Corridor will continue to in-
crease during the foreseeable future.

Intercity traffic also causes urban transportation problems in
those cities located in a corridor between major metropolitan centers.
In Baltimore, for instance, about 24% of all external highway trips
are through movements. This is considerably larger than the 3% to 5%
that is typical for cities of the same size,

Aircraft and terminal delays at Northeast Corridor airports in-
creased more than 20% between 1968 and 1969. These delays declined
somewhat during 1970, but the long term trend indicates that aircraft
delays will increase in the future. These delays, combined with in-
creasing congestion on airport access roads, have drastically reduced
the attractiveness of air travel between cities within the Northeast
Corridor.

In an effort to counteract the deterioration in intercity travel
along the corridor, a new high-speed rail passenger service was inaugu-
rated in January 1969. The Metroliner, using new equipment and improved
roadbed, achieved a one-hour reduction in travel time between New York
City and Washington, D.C.. However, the Metroliner equipment cannot
achieve its full potential on existing roadbeds due to numerous curves
and grade crossings. Nevertheless, this form of intercity travel has
diverted many passengers from airplanes and automobiles.

The Texas Coastal Zone has not experienced such severe problems in
intercity travel; however, the long term trend toward improvement has
bottomed out. Overall intercity travel conditions within the zone are
probably better now than they will be at any time in the foreseeable
future. As its population increases, the Texas Coastal Zone will begin
to experience many of the same problems as the Northeast Corridor.

It is interesting to note that the distance from Houston to Corpus
Christi is the same as from New York City to Washington, D.C.. In fact,
the distances from Houston to San Antonio and Houston to Dallas are also
similar., Existing traffic along these corridors are not yet approaching
volumes sufficiently high to support a high speed train service like
the Metroliner, Eventually, however, these city-pairs may need such a
service so future plans should consider this possibility.

The Texas Coastal Zone is in a far better position to plan for future
problems than the Northeast Corridor. Al1 of the Coastal Zone lies
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within Texas while the Northeast Corridor stretches across 10 states
and the District of Columbia. Hence, Texas has an opportunity to

apply any lessons that can be learned from the history of the Northeast
Corridor.

Probably the most important lesson is the need to recognize the
permanency of travel corridors. Both intercity and urban transportation
facilities represent a permanent commitment to the movement of persons
and goods between areas of major activities., The need for transporta-
tion services will continue even though the facilities may change
drastically. Thus, a major transportation facility should be considered
as a permanent commitment to transportation - not just a highway or
railroad. Wherever possible, sufficient right-of-way should be acquired
to provide future flexibility for the corridor. This will enable the
Texas Coastal Zone to better meet the transportation needs of the future.
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FUTURE ALTERNATIVES

SUPER-DRAFT PORT
INDUSTRIAL GROWTH

Water-borne transportation in Texas is closely related to industri-
al activities in the Coastal Zone. This relationship is reflected in
the commodity distribution of goods carried by water. Texas ports handle
a total of almost 200 million tons of goods each year. About three-
fourths of this tonnage is liquid bulk cargo going to or from the
petro-chemical industry concentrated in the Coastal Zone. Another size-
able segment is dry bulk cargo (aluminum ore, sulfur, grain, etc.)
serving the primary metals industry, mining industry, and agricultural
industry of Texas. An effective water transportation system is essential
for the continued growth of these industries.

The Texas Coastal Zone contains almost half of the nation's petro-
chemical industry and about one-fourth of its refining capability.
Ocean-going vessels operating out of Texas ports carry about 80 million
tons of liquid petro-chemical products annually. About 25 million tons
of this is crude petroleum being exported from Texas to be refined
elsewhere. If the refining activities grow as projected during the
next 15 years, this outward flow of crude oil will be reversed so that
Texas is importing more crude oil than it is now exporting. Thus, the
petro-chemical industry is intensely concerned about the size of tanker
ships that can be served at Texas ports.

The aluminum industry in Texas has been growing rapidly in recent
years and is expected to grow faster in the future. Texas is presently
importing about 8 million tons of bauxite from South America each year.
This tonnage could easily double or triple in the next twenty years if
the aluminum industry continues to grow. Hence, the aluminum industry
as well as the mining industry and the agricultural industry in Texas
will probably stimulate rapid increases in the amount of dry-bulk cargo
being handled by ocean-goind carriers in the future.

TRENDS IN SHIP SIZES

Maximum ship sizes, especially tankers and bulk-carriers, have been
increasing at an astounding mate during the last 30 years. In fact, the
trend has been for the largest tankers to double in size every seven

VI-1



-

h I

[

years and for bulk carriers to double in size every fifteen years. If
these trends continue until 1985, the maximum tanker size will exceed
one million dead-weight tons, and the maximum bulk carrier will be at
least 3000,000 dead-weight tons (See Figure VI-1). Of course, trends
in maximum ship size can be somewhat misleading since many ships being
built each year are much smaller than these giants. However, the
"average" size of ships under construction has also been increasing
rapidly (Refer to Figure IV-8, page IV-12) during recent years.

Such rapid increases in ship sizes are a result of economic con-
siderations in ocean transport. The cost of labor and the investment
in each vessel has increased drastically during recent years so ship
companies are seeking ways to increase the annual payload of each ves-
sel. The total amount of cargo carried each year can be doubled by
either doubling the vessel size or doubling its speed. Horsepower

FIGURE VI-1 TRENDS IN MAXIMUM SHIP SIZES
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Maximum ship sizes have been increasing at an astounding rate
during the past thirty years. If these trends continue until
1985, tankers exceeding 1,000,000 tons and bulk-carriers exceed-
ing 300,000 tons will be built.




requirements increase as the square-root of tonnage or as the 2.7 power
of speed. In other words, if the size of the ship is doubled, the
horsepower must be increased by a factor of 1.42 to be able to achieve
the same speed. On the other hand, if the speed of a ship is to be
doubled, the horsepower must be increased by a factor of 6.5. Thus,
the trend has been toward larger ship sizes.

The influences of vessel size and route length on the cost of .
transporting liquid products are indicated by the curves in Figure VI-2.
The calculations for these curves were done about five years ago when
it was thought that construction costs would increase sharply for
vessels over 200,000 deadweight tons. This sharp increase has not
occurred yet, and vessels approaching 500,000 deadweight tons are now
being built. Consequently, these curves may flatten out too quickly
with increasing vessel size but they are still indicative of the trends.

The economical size of vessels needed to import crude oil to Texas
refineries will depend upon the source of the crude. If it is brought
in from South America, or other ports in the Atlantic, vessels of 250,000
deadweight tons should be sufficiently Targe to achieve economical opera-
tions. However, the crude oil is to be imported from the Middie<East
or even from Alaska, the largest vessels available will probably be used.
Existing channel depths at Texas ports are inadequate to handle either
size ship.

FIGURE VI-Z INFLUENCES OF VESSEL SIZE AND ROUTE LENGTH
ON TRANSPORTATION COSTS
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Lower transportation costs are achieved by using larger ves-
sel sizes. The minimum economical size for tankers used to
tmport crude oil to Texas in the future will be at least
260,000 deadwetight tons.,
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The sizes of ships have increased drastically since the transition
from sailing vessels to powered vessels. Nevertheless, ship builders
have maintained relatively constant aspect ratios in the design of all
powered ships regardless of size. As long as aspect ratios are held
constant, the key dimensions (length, beam, and draft) of a ship must
vary as the cube-root of the tonnage.

The information presented in Figure VI-3 verifies this relationship
between dimensions and tons. The straight lines define a cube-root re-
lationship. The data points are for representative ships of all types
constructed during the last fifteen years. The data points follow the
curves closely over a very broad range of tonnage (from 600 tons to
320,000 tons). Thus, the probable draft of future ships can be predicted
from this curve. Calculated drafts of fully-loaded ships of different
sizes are listed in Table VI-1. The maximum depth of Texas ports is
now 40 feet. If minimum economical sizes of tankers and bulk carriers
are to be served in the future, much deeper port facilities will be
required.

FIGURE VI-3 SHIP DESIGN CHARACTERISTICS
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As long as the aspect ratios of ships are held constant, the
linear dimensions will vary as the cube-root of tonmnage. Data
for representative ships of all types comstructed during the last
fifteen years follow the cube~root relationship over a broad
range of tomnage.
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TABLE VI-T CALCULATED DRAFTS OF FULLY LOADED SHIPS

Ship Size, Draft,
Deadweight Tons Feet
50,000 40
100,000 51
250,000 69
-500,000 87
1,000,000 110
5,000,000 188

The maximum depth of Texas ports today is only 40 feet. If
economical staes of tankers and bulk carriers of the future
are to be served, much deeper port facilities will be required.

ALTERNATIVES AND CONSEQUENCIES

Texas can pursue several alternative courses of actions relative to
future needs of the ocean-going segment of the total transportation
system. FEach alternative course has certain probable consequencies
associated with it. Several alternatives and the probable consequencies
of each are discussed in the following paragraphs.

Of course, one alternative course of action that must be considered
is to do nothing about the depth of port facilities along the Texas
coast: Future growth of the Texas economy will probably suffer if this
alternative is followed. The existing channel depths are already in-
adequate to serve modern tankers and bulk-carriers that are large enough
for economical speration. Thus, the cost of ocean transport to Texas
is higher than to locations with deeper port facilities. This may be
one of the reasons that ocean traffic at Texas ports has not increased
in the last ten years. Nevertheless, higher ocean transportation costs
will probably discourage future expansion of the petroleum refining,

‘primary metals, and other sectors of the economy which tend to utilize

ocean transport.

Existing channels at some of the ports might be deepened to handle
larger ships. If, for instance, channel depths were increased to 75
feet, ships up to.250,000 tons in size (tankers and bulk carriers)
could enter the ports. This would permit economical transport between
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Texas and most ports on the Atlantic. However, these channels would
extend several miles out into the Gulf, and they would be expensive

to maintain. Some of the existing ship channels are already experi-
encing traffic congestion which would be further increased in the

future under this alternative. This alternative would tend to stimulate
future growth around those ports with deeper channels.

Several off-shore terminals might be constructed at various loca-
tions along the Texas coast. These terminals would be connected to the
land-side facilities with large diameter pipelines. Each terminal
would probably be designed to service one or two ships at a time.

These terminals could be located far enough out in the Gulf to attain
depths sufficient to serve vessels of sufficient size to economically
travel from anywhere in the world. Solid bulk materials could also

be handled through pipelines to off-shore terminals if slurry processes
are used. Terminals designed to serve solid bulk-carriers might not

be located as far off-shore as 1iquid bulk terminals. However, port
operations might be interrupted by heavy seas in the open Gulf. Under
this approach, land-side facilities could be located wherever needed,
and future growth would tend to develop all along the coast.

One other concept that has been proposed is the construction of a
single all-purpose Super-Port somewhere off the Texas coast. This
facility might be constructed on a floating platform or an artificial
isTand where natural water depths are more than 100 feet. It would
be designed to serve numerous ships of all types. The corresponding
land-side facilities could be dispersed to some extent by running pipe-
lines to different location. Nevertheless, a single port would tend
to concentrate all future growth related to ocean-traffic in one general
location along the coast.

Each of these alternatives will have some impact on other forms
of transportation within the Texas Coastal Zone. They will also have
slightly different effects on future industrial activities in the area.
Considering the relative importance of ocean transport to the future of
Texas, it seems imperative that further studies be conducted concerning
the various alternatives before one is selected.
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INLAND WATERWAY SYSTEM
CURRENT PROBLEMS

The section of the Gulf Intracoastal Canal in Louisiana connects
Texas ports to an extensive inland waterway system that covers the mid-
section of the United States (See Figure VI-4) The volume of inland
waterway traffic crossing the Texas-Louisiana border had been increasing
at a rapid rate, doubling every ten years, until it reached about 33
million tons in 1967. In the next three years it increased slightly to
a total of 36 million tons in 1970. This Teveling off in traffic growth
may be largely due to problems on the Louisiana portion of the waterway
system.

A11 of the Texas portion of the canal are essentially at sea-level
so no locks are required to change water elevation. However, a portion
of the canal in Louisiana is some distance inland and has several
locks along its length. These locks are currently acting as bottle-
necks constraining the flow of waterway traffic. Barges sometimes have
to wait for 24 to 30 hours to gain passage through the locks. These
delays at locks can more than double the normal travel time from Texas
to the Mississippi River. The channel dimensions in this segment of
the canal are 16' deep by 200' wide, but the dimensions of locks on the
main canal are less commodious (See Table VI-2).

TABLE VI-2 DIMENSIONS OF LOCKS ON GULF INTRACOASTAL WATERWAY

Lock Dimensions
Calcasieu 75' by 1180'
Vermilion 56' by 1182'
01d River 75' by 1200'
Port Allen 84' by 1200'
Bayou Boeuf 75' by 1160'

Locks on the Louisiana segment of the Gulf Intracoastal Waterway
are severe bottlenecks., Barges sometimes have to wait 24 to 30
hours to gain passage. These delays can more than double the
normal travel time from Temas to the Mississippi River.
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FIGURE VI-4 CENTRAL PORTION OF INLAND WATERWAY SYSTEM
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The Gulf Intracoastal Waterway comnects Texas ports to the exten-
stve central portion of the nation's inland waterway system.
Texas traffic must travel through the congested Louisiana segment
in order to reach the Mississippi River.
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A total of 65 million tons of cargo traveled the Louisiana segment
of the waterway. Some of this traffic was local in nature, but 36 mil-
T1ion tons of it was traveling to or from Texas. Essentially all of the
Texas traffic must pass through the Calcasieu and Vermilion Tocks as
well as others. Vermilion lock is the smallest lock; therefore, it is
the most constraining element of the system. The calculated ultimate
traffic capacity of this lock, based upon the assumptions listed in
Table VI-3, is only 70 miilion tons per year if it operates 24 hours
a day, 365 days a year. Thus, Texas traffic consumes at least half of
the total ultimate capacity of this lock.

TABLE VI-3 CALCULATION OF ULTIMATE CAPACITY OF VERMILION LOCK

Assumptions:

e Maximum Flotilla Size
5 barges, 1000 tons each, (26' x 175')
1 tow-boat (25' x 80')
Total Size: 26' x 955'

e Average Lockage Time - 30 minutes

e 20% of Barges are empty
(due to imbalance of traffic)

e Flotillas are waiting to enter lock after each operation

Calculations:

e Hourly capacity is

5 x 1000 x 2 = 10,000 tons/hr.
e But 20% of barges are empty, so

Effective Hourly capacity = 8,000 tons/hour
e If operation is continuous,

8000 x 24 x 365 = 70,080,000 tons/year

A total of 65 million tons of goods traveled the Louisiana segment
of the canal in 1970. Some of this traffic was local in nature,
but 36 million tons of it was traveling to or from Texas. Thus,
Texas traffic consumes at least half of the total capacity of this
lock.

VI-9



The segment of canal through Louisiana is outside of geographical
boundaries of Texas, but it is certainly a part of the inland waterway
system in Texas. Traffic congestion on this segment is already deter-
ing continued growth in Texas waterway traffic. Most of the growth in
water-oriented industrial activities during the last 15 years has been
assoicated with the waterway. More than 4 out of every 5 tons of add-
itional water traffic during this time has been on the waterway. If
Texas industry is to continue to grow, some provision must be made to
handle the resulting increase in demand for transportation.

Actually, the situation is even worse than these calculations in-
dicate. The calculations were based upon an assumption that only
maximum size flotillas (5 barges plus tow-boat) use the lock. However,
data concerning traffic using various segments of the canal reveal
that the average flotilla crossing the Texas-Louisiana border contained
only two barges. Thus, this lock has very little capacity remaining
under present operating conditions.

ALTERNATIVES AND CONSEQUENCIES

No Waterway Improvement. If there is no improvement in this section
of the waterway, it will not be able to accomodate much additional
traffic. The net result will probably be a gradual relocation of
waterway-related industry away from the Texas Coastal Zone. However,
there are other modes of transportation that might be used to carry goods
around this bottleneck.

Most of the traffic traveling between Texas and other points on
the inland waterways is liquid bulk (petroleum crude or products) which
could feasibly be shipped by pipeline. Current pipeline capacity in
the corridor between Texas and Louisiana is sufficient to transport
about 50 million tons per year. This capacity would need to be almost
doubled in order to serve the projected increase in demand during the
next ten years. The additional pipeline capacity at the Texas border
would be equivalent to a 48" diameter pipe.

Three main-line railroads connect the Texas Coastal Zone to the
Mississippi River near New Orleans. Existing traffic in this rail
corridor is less than 20% of its current capacity. Therefore, the
existing rail facilities have sufficient capacity to accommodate all
of the projected increase in traffic during the next ten years. How-
ever, shipments of petroleum products on railroads have declined sharply
in recent years - partly because of economic considerations and partly
because of the hazards involved.
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Of course, the projected increase in demand for goods movement
could be handled by carrying the goods in ocean vessels between Texas
ports and the Port of New Orleans and then using barges to take them
to their final destination. However, this procedure would entail addi-
tional handling which would result in higher transportation costs.
Also, this would compound existing traffic congestion problems in some
ship channels.

Improved Locks. The existing capadity of locks along this section
of the waterway could be doubled by enlarging and modernizing them.
Such a course of action would probably encounter few problems of an en-
vironmental nature. Thus, the improvements could probably be completed
in 5 or 6 years with expeditious processing. However, the locks would
still be the constraining elements to the flow of traffic along the
waterway. Even if their capacities were doubled, the projected increase
in traffic is such that within ten years the congestion would probably
be as severe as it is today.

New Constant-Level Waterway. The ultimate capacity of an open
canal 16" deep by 150" wide, such as between Galveston and Sabine Lake,
is at least five times as great as the capacity of the existing locks.
Therefore, the construction of a new constant-level waterway facility
through Louisiana would provide a greater capacity than could ever be
obtained at the locks. If such a facility were built, much of the
traffic traveling to or from Texas would be able to reach its destina-
tions without having to pass through a lock. Hence, future growth in
traffic would be relatively unconstrained. However, such a major
construction project probably could not be approved and completed in
less than 20 years.
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COASTAL HIGHWAYS
BACKGROUND INFORMATION

The Texas Coastal Zone contains about 1900 miles of waterfront,
375 miles of which front on the open Gulf. The many miles of beaches
and numerous bays and estuaries represent a tremendous resource for
recreational activities. Almost 3 million tourists visited the Gulf
Coast of Texas in 1969, and they spent more than 190 million dollars.
Even so, the potential for recreational uses of the coastal area has
hardly been tapped. The demand for recreational facilities has been

~growing rapidly during recent years, and it is empected to grow even

faster in the future.

Much of the Texas coast is still relatively remote and desolate.
Indeed, the remoteness and high degree of isolation is one of the fea-
tures that attracts campers to Padre Island. A lack of access roads
to the beach areas is the primary reason that relatively untouched beach
areas still remain along the coast. Although access roads to the beach
areas and the barrier reef presently exist at several locations (see
Figure VI-5), only at Galveston and Corpus Christi are there high-level
highways connecting the inland portions of Texas to the beaches. As
the population of Texas increases, the demand for better access to the
recreational areas along the coast will increase. Intercity travel
parallel to the coast will also increase as the resident population in
the Coastal Zone increases.

New highways in the Coastal Zone can significantly influence the
type and extent of land development along the beach areas. The nature
of future developments will dififer depending upon the location and de-
sign of any new highway flacility. Several alternative courses of action
might be pursued relative to new highways paralleling the coast. Trans-
portation and land-use considerations associated w1th each alternative
are discussed in the following paragraphs.

ALTERNATIVES AND CONSEQUENCIES

No New Highwaye. One alternative course of action that might be
followed is to prevent any further major highway construction in the
coastal areas. However, in view of the projected increase in population
of the Coastal Zone, it is clear that this alternative would result in
increased congestion and a deterioration of service on existing highways.
Thus, travel to and from the coast would be discouraged and many Texans
would not be able to enjoy the potentia] recreational opportunities of
the Coastal Zone.
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FIGURE VI-5 BEACH AREAS WHERE HIGHWAY ACCESS IS NOW AVAILABLE

HIGRWAYS  PROVIDING
BEACH ACCESS
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A lack of highway access to the coast ts the primary reason that
relatively untouched beach areas still remain. Although access
roads presently exist at several locations, only at Galveston and

Corpys Christi are there high-level highways connecting the inland
portions of Texas to the beaches.
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Beach Highway. A new highway might be constructed adjacent to the
beach areas of the coast and barrier islands. This facility could be
designed to be a major traffic artery; however, it probably would not
be a controlled access freeway. Hence, a beach highway would make every
section of the beach area highly accessible and it could provide for
some increased intercity travel. Nevertheless, several undesirable
consequencies would probably result from this alternative.

A highway located immediately adjacent to the beaches would stimu-
late continuous or spotted development along the entire coastline as
depicted in Figure VI-6. Development along this highway might be ex-
pected to be similar to the strip development along Myrtle Beach, South
Carolina and Panama City, Florida. Some areas of intense development,
such as in the Miami Beach-Fort Lauderdale section of Florida, might
occur, but it is unlikely that many facilities of this nature would be
developed. Due to the increased accessibility of the entire coastline,
few, if any, remote beaches would remain. In short, the construction
of a beach highway would dramatically change the entire character of
the Texas seashore.

FIGURE VI-6 LOCATIONAL CONSIDERATIONS FOR NEW
HIGHWAY FACILITIES PARALLEL TO THE COAST

BEACH HIGHWAY COASTAL HIGHWAY INLAND HIGHWAY

e along beach areas e up to 15 miles inland from ¢ more than 20 miles inland from
e varying degrees of development beach area beach areas
along full length of beach area ® nodes of development at access e nodes of development at access
s few, if any, natural, igolated roads highways
beach areas remain e natural, isolated areas remain ® natural, isolated areas remain
but might be forfeited fer
future beach highway link

New highway facilities in the Coastal Zone can significantly in-
fluence the development of recreational facilities along the beach
areas. The location of a highway is a critical consideration if
any 2r§as of seashore are to remain isolated and relatively un-
touche
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Coastal Highway. A new highway facility might be located generally
parallel to the beach areas but a few miles inland in order to skirt
some of the bays and marshlands. Under this alternative, management of
the types of recreational developments would be facilitated by limiting
the number and location of beach atcess roads extending from the coastal
highway to the beach. In some instances, the coastal highway might
actually follow the beach areas for some distance, but it would not pro-
vide continuous access to all beach areas.

This alternative would provide for improved access to the beach
for recreational activities, and it would also provide a means for main-
taining certain beach sections in their natural undisturbed state. A
coastal highway would also provide for some improvement in intercity
travel opportunities.

Inland Highway. An intercity freeway facility might be constructed
generally parallel to the coast but ranging from 25 to 75 miles inland.
This inland Tocation would be better for constructing a modern high-speed
freeway facility since it would skirt all bays, estuaries, marshlands,
and ship channels. Also, it would be a more direct connection between
major urban areas. Thus, an inland freeway would better serve the fut-
ure intercity travel demands in the Coastal Zone.

Access to the beach areas could be provided by relatively long
access roads connecting the inland freeway to the coast. Thus, the
development of beach areas could be managed in the same manner as for
the coastal highway. However, these access roads would be relatively
long so that it would be difficult for tourists to conveniently visit
two or more locations along the coast. This would undoubtedly lead to
additional traffic on the beach and to pressures for improved highways
immediately adjacent to the beach.

Two Facilities, These two distinct needs, intercity travel and
beach access, might be served by two different highway facilities such
as an inland freeway and a coastal highway. This alternative would
require more total highway construction; however, it would offer some
definite advantages over the other alternatives. Intercity travel de-
mands could be better served by the freeway with some supplemental
movement on the coastal highway. Access to the beach areas would be
provided by the coastal highway, yet, portions of the beach could be
kept remote and in their natural state. Also, the coastal highway could
be developed in segments as the need occurs since the inland freeway
would provide for longer trips parallel to the coast.
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URBAN GROWTH

Presently, some 3 million persons live in urban areas located with-
in the Coastal Zone. The urban population has more than doubled during
the last 30 years, and it may double again in the next 30 years, Thus,
massive new urban developments will be required; however, existing de-
veloped areas will not be abandoned. Future transportation problems
in the Coastal Zone will largely depend upon how well the cities and
the State manage to locate and shape new urban developments and trans-
portation systems (See Figure VI-7).

NEW URBAN CENTERS

Two or three new urban centers might possibly be developed along
the Coastal Zone in order to disperse the population and minimize the
amount of redevelopment required in existing cities. If radically dif-
ferent urban forms are to be developed in the Coastal Zone, they must
be started at new locations. However, if future residential develop-
ment is also to be primarily single family dwelling units, any new cities
that are developed will be similar to existing cities.

Agressive steps on the part of the State would be required in order
to stimulate major urban developments in new locations. Intercity trans-
portation facilities would have to be provided to the new location and
numerous industries would have to be enticed to locate at the new site.
The construction of a super-port in a relatively undeveloped portion
of the Coastal Zone could provide the nucleus for a new urban center.
However, the overall cost of transportation facilities to serve new
urban centers would probably be greater than for properly planned expan-
sions of existing urban areas.

EXPANSION OF EXISTING CITIES

Without stringent external controls, new urban development will
tend to occur around existing urban centers. Urban growth can be accom-
modated in relatively small increments when added to existing cities
since the basic transportation facilities to serve it already exist.
Indeed, very few additional intercity transportation corridors would
be required under this alternative; however, the capacity of existing
corridors would need to be increased significantly. Careful planning
and new implementations procedures will be required if the new urban

development is to be compatible with existing urban transportation
systems.,
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FIGURE VI-7 EXISTING URBAN DEVELOPMENT IN THE COASTAL ZONE
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The urban population of the Coastal Zone may double in the next

. 30 years. Future transportation problems will largely depend

upon how well the cities and the State manage to locate and shape
new urban developments. Two or three new urban centers might be
developed or all of the growth might ococur around existing cities.
If properly done, either alternative can function well.
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Houston. The Houston area will face some unique problems in accom-
modating future growth. Its existing low-density urban form is oriented
toward an automobile-based transportation system, and yet, the intensity
of development in downtown Houston has already exceeded that which can
be served adequately by automobiles alone. The established radial-
circumferential freeway system tends to stimulate the development of a
strong central focal point (See Figure VI-8). The freeway system and
existing urban form of Houston has progressed so far that there appears
to be very limited opportunity to develop a second focal point that can
rival the existing city center. Thus, it appears that Houston must try
to develop an urban form in which mass transportation can effectively
supplement the automobile if it is to support additional downtown de-
velopment. This will, however, necessitate significant change in the
overall pattern of development.

Almost 30% of the population of Houston currently lives in multi-
family housing. If this trend continues in the future, medium density
areas can be developed which can be served by Bus Rapid Transit. Or,
high-density corridors might possibly be developed that could be served
by Rail Rapid Transit. Another alternative that Houston might consider
is the development transportation terminals at dispersed locations
which are connected to downtown by a Skybus or a Personal Rapid Transit
System. Whatever alternative is selected, careful planning and land
management will be needed to successfully implement it.

Beaumont-Port Arthur-Orange. The Beaumont-Port Arhtur-Orange area
is already becoming one large metropolitan area with three principal
focal points. If growth is properly directed, this urban area can de-
velop into an excellant example of the multiple focal point concept
with a transportation system which could serve several million persons.
These three downtown areas are presently connected by major highways
and freeways that form a triangle. However, additional capacity along
these corridors will be needed in the future so expansion problems could
be avoided if additional right-of-way were acquired now. Eventually,
these corridors may need some form of mass transportation between the
three focal points.

Other Cities. Most of the existing urban centers in the Coastal
Zone have a great deal of flexibility in the type of urban form that
they might choose for the future. About the only constraint is that the
new development should be kept compatible with existing automobile-based
transportation systems. However, if the entire arterial street and
freeway system is designed to serve low density single-family housing
developments, severe problems may occur if a sizeable amount of multi-
family apartments are built. Thus, careful planning and inovative land
management practices will need to be implemented in cities that are aim-
ing at an automobile-based urban transportation system.
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FIGURE VI-8 EXISTING AND PLANNED FREEWAY SYSTEM FOR HOUSTON
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The established radial-circumferential freeway system of Houston
tends to stimulate development of a strong central foecal point.
The intensity of development in downtown Houston has already ex-
ceeded that which can be adequately served by automobiles alone.
Thus, Houston must seek to develop an urban form in which mass
transportation can supplement the automobile.
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GUIDELINES FOR FUTURE DEVELOPMENT

URBAN TRANSPORTATION

CITY SIZE CONSTRAINTS

The principal decision in regard to urban development is the desired
nature and character of the area. Various cities might differ widely
in their pattern and intensity of development and still provide a high
degree of mobility, at reasonable cost, for the urban resident. However,
once the desired character is identified, compatible land development
and transportation policies must be evolved and implemented in a co-
ordinated manner.

Different urban transportation systems need, and in turn can accom-
modate, different amounts and intensity of development in order to
achieve economical operation. This in turn influences the minimum and
maximum functional size (land area and population) of an urban area.
Also, the number, size, and arrangement of focal points further influ-

ences the maximum city size that can be served by various modes of
transportation.

A11 of the cities in the Coastal Zone have developed at relatively
low average population densities since most of the residents live in
single-family dwelling units. This type of development can best be
served by the automobile operating on a well-designed system of streets
and freeways. Thus, if future development is similar in nature, urban

transportation systems will continue to be based primarily upon the
automobile.

Many of the urban centers in the Coastal Zone currently have little
or no urban freeway system. With a properly designed system of arterial
streets, a city can grow to sizable proportions before a freeway system
is needed for general urban mobility. The Timiting factor is the max-
imum time that would be acceptable for traveling between any two
locations within the urban area during off-peak periods.

Of course, specific conditions will vary from city to city, but

the curve shown in Figure VII-1 can be used as a general guideline as
to how large a city can be before it needs an urban freeway system.
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This relationship between total population and maximum travel time was
calculated based upon the following assumptions:

1. Average population density = 2500 ppsm;

2. Grid pattern of arterial streets with a spacing of one
mile;

3. Average speed on arterials = 30 mph including stops; and

4. Maximum length urban trip would be from one corner of
the grid pattern to the corner diagonally opposite.

As can be seen from the curve, the maximum urban trip time in a city
of 250,000 persons would be 40 minutes. If a maximum urban trip time
of one hour is acceptable, a city of more than 500,000 population can
be served by arterial streets without a freeway system.

FIGURE VII-1 MAXIMUM CITY SIZE WITHOUT AN URBAN FREEWAY SYSTEM
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With a properly designed system of arterial streets, a city can
grow to stzeable proportions before a freeway system ie needed
for general urban mobility. The limiting factor is the maximum
trip time that would be acceptable for traveling between any
two locations within the urban area.
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Once a city is large enough to need an urban freeway system, the
next constraint to be considered is the maximum population that can
be served by a single urban focal point. The central business district
(CBD) or "downtown" has historically been the area with the greatest
level of development within a city; consequently, it is also the largest
traffic generator within the urban area. Different urban transportation
systems can accommodate various levels of intensity of development
within such a focal point, and the size of the city is related to the
intensity of the CBD.

In all Coastal Zone cities, walking is the only mode of transporta-
tion currently used for circulation within the CBD. Thus, the current
size of the CBD is Timited to that which can be served by a pedestrian
circulation system - about one square mile. Most of the CBD's in
Coastal Zone cities, as well as in other Texas cities, cover about one
square mile of land area.

The maximum number of persons accumulated within the CBD at any
one time, usually at mid-day, varies with the population of the urban
area. As the total population increases, the daytime population density
of the CBD also increases. Consequently, the type of transportation
system needed to handle commuter traffic to and from the focal point
varies with population. The relationship between city size, CBD popu-
lation density, and urban transportation systems is presented in Figure
VII-2.

The constraints on the intensity of CBD, or focal point, develop-
ment that can be served by various transportation systems were calculated
based upon the following assumptions:

1. Ideal arterial street system;
2. Six 8-lane freeways serving focal point;

3. 40% of total number of persons accumulated in focal
point enter during peak-hour;

4, Average automobile occupancy = 1.4 persons per auto
during peak-hour; and

5. Half of the freeway traffic is going to the focal point.

The Timiting factor for CBD's covering about one square mile is the
capacity of the arterial streets entering the concentrated area. Thus,

additional freeway capacity has no effect on the number of persons that
can enter the CBD.

According to these calculations, cities with populations up to
300,000 persons (corresponding CBD density of 50,000 persons per square
mile) can be served adequately by automobiles operating on arterial
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FIGURE VII-2 MAXIMUM URBAN POPULATION PER FOCAL POINT SERVED
BY VARIQUS TRANSPORTATION SYSTEMS
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The central business district (CBD), located at the focal point
of a ecity, is usually the largest traffic generator within an
urban area. Different urban transportation systems can serve
various levels of development within such a focal point, and the
intensity of development within the foeal point is related to
the total urban population surrounding it, Thus, the type of
transportation system needed to serve commuter traffic to and
from the foeal point varies with population.

streets only. If an extensive freeway system is provided to supple-
ment the arterial streets, a total urban population of about 1 1/2 to
2 miT1lion surrounding a single focal point (with a corresponding
density of about 130,000 ppsm) can be served by the automobile. It is
interesting to note that for CBD population densities exceeding about
130,000 ppsm, additional modes are needed to supplement the pedestrian-
based internal circulation system. Thus, larger urban areas must
either develop multiple focal points or they must supplement both the
automobile-based commuter system and the pedestrian-based circulation
system serving the single focal point.

The daytime population density in CBD's of Texas cities appears

to increase to about 100,000 ppsm before the intense development begins
to spread out beyond the one square mile area. Then both the size and
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the density of the CBD increase. The daytime population density on
Manhatten Island has decreased in recent years so that now it is about
300,000 persons per square mile. Thus, a population density of 300,000
ppsm might be considered the maximum for modern CBD developments. As
the level of development within the CBD is expanded beyond 100,000 ppsm
and one square mile, the dependence of commuters upon mass transporta-
tion increases.

The percentage of daily CBD commuters that would have to use mass
transportation is indicated in Figure VII-3 for various levels of CBD
development. The term "mass transportation" does not necessarily denote
rail rapid transit. Indeed, these curves are based upon buses using
existing freeways as the mode of mass transportation. If 90% of the

FIGURE VII-3 IMPORTANCE OF MASS TRANSPORTATION TO
HIGHLY DEVELOPED FOCAL POINTS
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As the level of development of a focal point (CBD, ete.) increas-
es, the dependence of commuters upon mass traneportation
increases. Also, additional modes of transportation are needed
to supplement walking in the internal circulation system.
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commuters are willing to ride buses to work, a total CBD daytime popu-
lation of more than 1,200,000 persons can be served by the same street
and highway facilities designed for a CBD population of only 100,000
persons.

Coastal Zone cities can avoid major transportation problems in the
future if these relationships between urban size, form, and transporta-
tion systems are considered in the early stages of urban development
and plans are adjusted accordingly. General guidelines concerning city
sizes that can be accommodated by various modes of transportation are
summarized in Table VII-T,

TABLE VII-1 GUIDELINES FOR SIZE OF CITIES THAT CAN BE
SERVED BY VARIOUS MODES OF TRANSPORTATION

Supplementary Total Urban Population

Primary Mode Modes In ~ Minimum Maximum Per
Of Transportation Concentrated Areas Practical Size Focal Point
Walking . None None 40,000
Auto on Arterial

Streets Walk None 300,000
Auto on Freeways Walk & .

and Arterials Elevators 300,000 2,000,000
Rail Rapid Transit Walk & Elevators 1,000,000 2,000,000
Rail Rapid Transit People Mover 2,000,000 6,000,000

Pegk-hour demands for persons traveling to or from a foeal point limit the
aize of an urban area that can be served by various modes of transportation.
Inereasing the number of focal points enables an auto-oriented city to grow
much larger. The greater Los Angeles area, with a total population of some
nine million, is a good example of an urban area with multiple focal points
that is adequately served by the automobile.

FUNCTIONAL CLASSIFICATION OF STREETS

People today tend to associate the need for streets with the auto-
mobile; however, cities developed centuries ago had street patterns
that resemble those in modern auto-oriented cities. Indeed, the Mayan
civilization in Mexico and Central America developed without any form
of wheeled transportation, and yet, their cities had extensive street
systems. Even if the automobile is abandoned as a mode of urban trans-
portation, cities will still need a basic street system to serve the
same functions that streets serve today.

—
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Urban streets serve a variety of functions which are important to
the overall operation of a city. Major functions provided by a street
include the following:

1. Movement of traffic;
2. Access to abutting property;
3. Drainage;

4, Uti];ties (water, sewer, gas, electricity, telephone,
etc. )

5. Separation of land use;

6. Light and air (open space) in highly developed areas
such as downtown; and '

7. Other related traffic functions (parking, loading, etc.).

Most of these functions are compatible and can be accommodated simultane-
ously on properly designed streets; however, the functions of movement
and access are competitive in nature so a single facility cannot be
designed to provide a maximum of each.

Some of the problems with current street systems have evolved
because of a lack of awareness of the competing nature of the access
and movement function. A classification of streets according to the
relative importance of these two functions can be extremely useful in
developing plans for urban street systems. Street and highway facilities
can generally be grouped into the following four classifications: pri-
mary arterials, secondary arterials, collectors, and local streets.
The relative importance of the movement and access functions to each
classification is depicted in Figure VII-4. Definitions of these classi-
fications are presented in the following paragraphs.

Primary Arterials. Primary arterials are the major traffic carriers
in the system; therefore, the movement function should be maximized at
the expense of the access function. These facilities carry traffic to
and from the major activity centers within the city. They characteris-
tically serve the Tong urban trips and carry high traffic volumes.
Although primary arterials normally account for no more than 10% of
the total street mileage, they accommodate more than half of the urban
travel. The primary arterial classification includes freeways, express-
ways, and surface streets. The degree of access control varies with
the nature of the facility, but on all primary arterials, the movement
function is far more important than the access function. Thus, drive-
ways should not be permitted to connect directly to primary arterials.
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Secondary Arterials. Secondary arterials primarily serve movement,
but they also can provide for some access to abutting properties. These
facilities distribute traffic to and from the primary arterials., They
serve trips of moderate Tength at a slightly Tower level of service
than the primary facilities. A secondary arterial might connect some
traffic generators such as residential neighborhoods, community shopping
centers, smaller industrial areas, and public facilities. A Timited
number of driveways can be accommodated on secondary arteriais.

Collectors. Collector streets carry traffic between the arterial
street system and the local streets. Their movement function is to
concentrate traffic before it intersects with arterial streets so they
do not serve Tong trips. Indeed, collectors should not provide a
direct connection through a neighborhood that could serve through traf-
fic. Although the movement function of a collector is important, its
primary function is to provide access to the adjacent land. Driveways
can be accommodated at frequent intervals on collector streets pro-
viding they are properly designed and located.

FIGURE VII-4 FUNCTIONAL CLASSIFICATIONS OF STREETS

Classification Function

Primary Arterials

Secondary Arterials

Collectors

Local Streets

Some of the problems with current street systems have evolved
because of a lack of awareness of the competitive nature of
the access and movement functions. A funetional classification

of street factlities can help planners avoid such problems in
the future.
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Local Streets, Almost three-fourths of the mileage in most urban
street systems is local streets, yet they carry less than one-fourth
of the urban travel. The primary function of Tocal streets is to pro-
vide direct access to individual abutting properties. Usually, only
persons with trip destinations or origins on a local street have a need
to travel on the facility. Thus, the movement function is minor
compared to the access function. Local streets need no access controls.

ACCESSIBILITY VS DIRECT ACCESS

In order for urban street sytems to effectively serve travel needs,
the functional classification of each facility should be identified,
and the facility should be designed and used accordingly. Access con-
trols are needed along arterial streets in order to protect their
movement function. There is often public opposition to access controls,
but much of the opposition subsides once the land owners recognize the
difference in access and accessibility as depicted in Figure VII-5.

Strip commercial developments have often evolved along arterial
streets. Commercial firms are attracted to these Tocations because
the arterial facility provides good accessibility from a wide market
area. Large volumes of persons travel the arterial every day so a firm
located adjacent to an arterial is exposed to many potential customers.
It is only natural then that an entrepreneur would want to locate his
firm so that it has a direct driveway access to a primary arterial.
However, everyone else wants to do the same thing until eventually the
arterial street loses its original attraction - good accessibility.

Frequent access points, driveways and intersections, along an
arterial street result in numerous turning manuevers. Turning vehicles
must use traffic lanes for acceleration and deceleration lanes; there-
fore, they greatly hinder the flow of traffic along the arterial. Also,
the turning movements are made at uncontrolled and hazardous locations
necessitating a reduction in operating speeds from the desirable 45 mph
to 30 mph. Hence, the capacity and the level of service that the
arterial street needs to provide for traffic movement is destroyed by
numerous direct access points.

Historically, the 1ife cycle of an arterial street goes from a new
facility with a high level of service to a strip commercial development
with severe traffic congestion. The cost of acquiring additional right-
of-way to increase the traffic movement capacity of the facility
becomes prohibitive so a new bypass is constructed. Then the process
is repeated so that today bypasses are being built to bypass the bypass
that bypassed the bypass. Each bypass is in a less desirable location
that the previous facility; consequently, it provides a lower. level of
service than could have been provided if the movement function of the
arterial street had been protected.
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In order to avoid such occurrances in the future, adequate right-
of-way should be acquired for future flexibility and direct access to
the facility must be controlled. The function of an primary arterial
street is to provide good accessibility over a wide portion of the urban
area. Direct access should be provided from facilities with Tower
levels of classification.

FIGURE VII-5 ACCESSIBILITY VS DIRECT ACCESS

ACCESSIBILIT
/ 1

) Zczs\s‘/a(z ITY

Primary arterials provide good accessibility over a broad portion
of the urban area. Direct access points along an arterial street
destroy its capability for traffic movement. Commercial firms
seek locatione with good accessibility to a broad market area.
Thus, it is in their best interest to take direct access from
other streets near the arterial rather than to destroy the access-
ibility provided by the arterial.
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LIMITED ACCESS SUBDIVISIONS

Modern residential subdivisions probably offer the easiest oppor-
tunity for implementing the functional classification concept in street
design. Progressive developers have already recognized the undersir-
able features of houses fronting on streets serving through traffic
both from the homeowner's point of view and from a traffic standpoint.
Recent trends toward larger scale developments (50 acres or more)
have increased the opportunity for developers to implement Timited
access subdivision designs.

Such subdivisions eliminate all residential driveway connections
to arterial streets. Streets are designed so that residential lots
either back up to the arterial or face an intersecting collector street
(See Figure VII-6). A limited number of collector streets intersect

FIGURE VII-6 LIMITED ACCESS SUBDIVISION

PRIMAR Y ARTERIAL

Limited access subdivisions result in better traffic operations
on the arterial streets, and they provide a more relaxed atmos-
phere in the residential area, Recent trends toward larger
scale developments have increased the opportunity for developers
to implement limited access subdivisions.
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the arterials bordering the subdivision at spacings of about 1/4 mile.
The Timited number of entry points result in improved traffic opera-
tions on the arterial, and they provide an opportunity for the developer
to establish an identity for the subdivision.

Modern limited access subdivisions offer a totally different living
environment than older residential areas with gridiron street patterns.
The curving, short residential streets tend to slow down traffic and
yield a more relaxed atmosphere. Also, traffic safety studies have
shown that the accident rates in limited access subdivisions are only
about 15% as high as in areas with gridiron street patterns. One
major reason for reduced accident rates in limited access subdivisions
is that the street pattern lends itself to the use of numerous 3-legged

"Tee" intersections. Accident rates at 3-legged Tee intersections are

less than one-tenth the rate for typical 4-legged intersections.

Future residential developments in the Coastal Zone can provide
a better living environment as well as improved traffic conditions if
the following considerations are observed:

1. Limited access points on collector streets spaced at
quarter-mile intervals result in better subdivisions;

2. Collector streets should not be continuous from one
major arterial to another;

3. 3-Tegged Tee intersections are preferred to 4-legged
cross intersections within the subdivision;

4, Y-type and acute angle intersections should be avoided;
and

5. Guidelines concerning the maximum number of dwelling
units served by various types of residential streets
should be followed (See Table VII-2).

PLANNING STREET SYSTEMS

Once the primary function of each street classification has been
established, desirable characteristics of facilities in each classi-
fication can be identified. Such items as the pattern for various
types of facilities, the spacing between them, minimum right-of-way
requirements, number of lanes, normal operating conditions, and inter-
section spacing should be considered early in the planning process.

Cities in the Coastal Zone .are predominantly comprised of single

family dwelling units so that the resulting overall population densities
range from 2000 to 3000 persons per square mile. Primary arterial
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TABLE VII-Z2 GUIDELINES FOR MAXIMUM NUMBER OF
DWELLING UNITS SERVED BY RESIDENTIAL STREETS

Maximum Number Of

Street Type Dwelling Units
Cul-de-Sac 20-25
Local Street Loop 40-50

Collector Street (from its
connection to arterial) 200-300

The primary function of residential streets is to provide access
to individual parcels of land., Minimum standard street widths
are usually more than adequate to handle the movement function
if the street does not serve too many dwelling units.

streets spaced at about one mile intervals usually provide a good level
of mobility for urban areas with this population density. Of course,
the spacing of primary arterials should be adjusted to conform to varia-
tions in population density within the urban area.

Uniform spacing of primary arterial streets is facilitated by
adopting a grid pattern of arterial streets. However, the overall grid
pattern should not be rigidly maintained despite topographical features
and variations in population density. The overall pattern should be
flexible, but all intersections of major streets should be at right
angles,

Local streets should not be permitted to intersect primary arteri-
als. Numerous street intersections deter the movement function of
arterials the same as driveways. Thus, only secondary arterials and
collectors should be designed to intersect primary arterials. It is
very important that intersection spacing be held relatively uniform on
primarily arterials. Intersection spacings of 1600 to 2000 feet are
amenable to the installation of progressive signal systems designed for
operating speeds of 35 to 45 miles per hour.

The freeway represents the highest level facility in the primary
arterial classification. It serves longer urban trips and provides a
higher level of service than surface arterials. Thus, freeways can be
spaced at wider intervals than surface arterials - usually at 4 to 6
mile intervals. The minimum functional spacing of freeways near major
focal points is about 2 miles.
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If a grid pattern of arterial streets is used, a radial-circumfer-
ential pattern of freeways might be superimposed to yield a higher
level of overall urban mobility (similar to the existing system in
Houston). However, radial-circumferential freeway systems tend to
stimulate the development of a strong focal point which can necessitate
the use of additional modes of transportation when the population of
the urban area approaches 2 million persons. Multiple focal point urban
forms, which can accommodate larger populations with an automobile-based
transportation system, can be developed by shaping the freeway system
to serve several focal points.

Typical urban areas do not usually need a "system" of secondary
arterials. Rather, secondary arterials are usually installed to serve
specific needs in various areas within the city. The type of land
use and expected travel demands are usually known when a secondary
arterial is designed; however, the right-of-way should be sufficient
to provide some degree of flexibility in the future.

Guidelines concerning critical considerations in planning urban
street systems are summarized in Table VII-3. If these guidelines are
followed, the resulting system should provide a high level of mobility
for cities with population densities characteristic of the Coastal
Zone. However, good planning is just the first step. Proper facility
designs and appropriate land use controls are also necessary in order
to implement and maintain an effective urban transportation system.

TABLE VII-3 GUIDELINES FOR PLANNING URBAN STREET SYSTEMS FOR
COASTAL ZONE CITIES

Minimum Number Of Median Normal Spacing

Classification Right Of Way Through Width, Operating Between Intersection
Of Facility Width, Feet Lanes Feet Speeds, mph Facilities Spacing
Primary Arterials:

Freeways 300 6-10 30-70 45-55 4-6 miles 1-2 miles

Surface Arterials 125 4-8 16-30 35-45 1 mile 1600-2000 ft.
Secondary Arterials 100 4-6 None 30-40 N/A 1200-1600 ft.
Collectors 60 2-4 None 20-30 N/A N/A
Local Streets 50 2 None 10-20 N/A N/A

Planning 16 an essential 8tep in the development of a good urban street system; however, this is just the

first step. Proper facility designs and appropriate land use comtols are also necessary in order to implement
and matntain an effective urban transportation system.
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OTHER TRANSPORTATION CONSIDERATIONS
TRANSPORTATION CORRIDORS

Major transportation facilities represent a permanent commitment
to the movement of persons and goods between areas of concentrated acti-
vity. The need for this transportation function will continue as long
as the activity areas exist. History abounds with examples of overiand
transportation facilities that have been successively upgraded to pro-
vide improved service. Many of the original Roman roads now have modern
highways or railroads on the same alignment. The Michigan Road in
Indiana, the Cumberland Road between Maryland and I11inois, E1 Camino
Real in California, and the 01d San Antonio Road in Texas are examples
of old highways which have been adapted to changing needs and standards
of service.

A comparison between an old street and highway map and a modern one
for almost any city will reveal numerous arterials which have been in
service since the earliest days of the city. Washington Avenue and
Liberty Street in Houston are examples of such permanence. These arter-
ials are two of the five roads radiating from the original City of
Houston.

The first major transportation facility installed to connect acti-
vity areas is usually located on the most desirable alignment. Thus,
subsequent improvements in capacity and level of service could best be
accomplished along the same alignment. However, narrow right-of-ways
and extensive land development along the original facility often make it
less expensive to abandon the old facility and to use an entirely new
right-of-way (when expansion of capacity is necessary.) This is fre-
quently the situation with the Interstate System where a new fully
controlled access highway connects the same major activity areas as an
existing route within the same general travel corridor. Indeed, the new
facility is often within a few hundred yards of the old facility. How-
ever, each new route is usually in a less desirable location than the
older route.

A transportation corridor might serve numerous different modes of
transportation and different levels of service, but its function will
be needed for centuries. After all, the three primary modes of surface
transportation being used today (railroads, pipelines, and motor vehi-
cles) are newer than many of the corridors in which they are located.
Railroads did not come on the American scene as a major mode of trans-
portation until after the Civil War. Today, barely 100 years later,
the total mileage of rail routes has already peaked out and many lines
are being abandoned to other modes. Pipelines came of age after the
beginning of the twentieth century so this mode of transportation is
only 70 years old. Motor vehicles, automobiles and trucks, became an
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effective mode of transportation less than 50 years ago - during the
1920's. Who knows what modes of surface transportation will be used
100 years from now!

Future transportation needs in the Coastal Zone can be met more
effectively if the cities, the counties, and the State embrace the con-
cept of permanent transportation corridors. Sufficient right-of-way
should be acquired to permit concurrent use by several modes of trans-
portation and to provide for future flexibility. Once a transportation
corridor has been so designated, its functionality should be protected
by appropriate land development controls. Critical steps in the evolu-
tion of permanent transportation corridors are summarized in Table VII-4.

TABLE VII-4 STEPS TOWARD PERMANENT TRANSPORTATION CORRIDORS

1. Identify major intercity and urban transportation corridors
for future.

2. Acquire sufficient right-of-way as soon as possible.

3. Protect transportation function through appropriate land use
controls.

4. Locate all new surface transportation facilities, whatever
the mode, within the corr1dor connecting the two activity
areas be1ng served.

5. Reserve additional land near intersections of major corridors
for future transportation terminals.

Future transportation needs in the Coastal Zone can be met more
effectively if the cities, the counties and the State embrace
the concept of permanent transportation corridors. Implementa-
tion of this concept will provide increased flexibility and
should result in less total land area devoted to transportation.

Of course, one of the first questions that will be asked is how
much right-of-way is needed. A major intercity transportation corridor,
(such as the ones between Houston and Dallas, Houston and San Antonio,
and parallel to the coast) might contain a six-lane freeway, two freight
rail lines, a high-speed passenger rail facility, and several pipelines.
Thus, right-of-way widths of 1/4 mile or more would be appropriate major
urban corridors might contain a ten-lane freeway, a fixed-way transit
line, and some goods movement facilities (rail lines, truck roads,
conveyor belts, etc.); thus, right-of-way widths of 1000 feet or more
might be considered.

~
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If the concept of excess right-of-way acqusition becomes an accept-
ed principle, public agencies will have much better control over land
use within the corridor. For example, if the additional right-of-way
is not expected to be needed for transportation purposes for 20 years
or more, it could be leased to private development for specific time
periods with stipulations concerning land-use types, intensities,
design, and access arrangements. Most commercial facilities that are
attracted to major highways (motels, restuarants, service stations, etc)
have expected economic life spans of twenty years or less. Thus,
fifteen- or twenty-year leases should be acceptable to private inves-
tors, and they would protect the corridor for future public needs.

TRANSPORTATION TERMINALS

A transportation terminal is a location where two or more modes
can interchange traffic. For example, a typical Texas seaport provides
an interface between ocean-going traffic and inland waterways, rail
lines, pipelines, and highways. Each of these connecting modes is an
important element of the total transportation service provided by the
port. Unfortunately, the needs of connecting complimentary modes of
transportation are often overlooked in the design of major transporta-
tion terminals. Terminal facilities are oriented primarily toward
serving one mode, as the name implies (airport, seaport, train station,
etc.), but the basic function of the terminal is to provide for modal
interchanges so the other modes must be considered.

Future plans for transportation terminals in the Coastal Zone
should include due consideration of the various modal interfaces that
should occur there. Potential modal interchanges that should be con-
sidered for various types of transportation terminals are listed in
Table VII-5. Of course, the interfaces listed in this table are based
upon existing modes of transportation and existing traffic characteris-
tics. Future changes in transportation technology may create new
modal interfaces to be considered.
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TABLE VII-5 POTENTIAL MODAL INTERCHANGES AT

FUTURE TRANSPORTATION TERMINALS

Type Of Modes Of Transportation
Transportation
Terminal Highway Rail Water Pipeline Air Mass Transit
Airports
General Purpose Trucks, Cars Freight & V/STOL RRT or BRT
& Buses Passenger
Al11 Cargo Trucks Freight
V/STOL Cars & Buses RRT or BRT
Seaports
Ocean Going Trucks, Cars Freight & Barge Crude & ?
& Buses Passenger Products
Barge Trucks Freight Crude &
Products
Intercity Bus Cars, Trucks Passenger Local Bus or
Station Rapid Transit
Urban Transit Cars & Buses V/STOL Other Modes
Station
Raiiroad Yards & Trucks, Cars Barge Crude & Bus or
Station & Buses Products Rapid Transit

A traneportation texrminal provides of interchanging traffic between two or more modes.

Future

traneportation plane ehould coneider the various modes that should serve major transportation

terminals.
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FUTURE STUDIES

COMMENTARY

The total transportation system serving the Coastal Zone of Texas
includes major elements of all existing modes of transportation. Some
of the facilities are presently operating near capacity while others
are not being fully utilized. This study constitutes an initial plann-
ing study of the total transportation system aimed at identifying
alternative ways to provide for the increasing demand for transportation
and to use the total system more effectively.

As a result of this brief look at the total transportation system,
several problems have been identified that warrant further study be-
fore plans for State action are formulated. These future studies will
constitute a second iteration over some of the areas included in this
project; however, the work will be at a greater level of detail than
was possible in this study. Even so, these future studies will not
replace detailed planning efforts for specific modes of transportation;
rather, they should be complementary to them.
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PLANNING AND IMPLEMENTATION STUDY

Land use and transportation are intimately interrelated. Many
cities have evolved a practice of developing a land use plan and a
transportation plan separately. Herein lies a great fallicy in judge-
ment for these two plans are, and must be, one in the same. A decision
with respect to land use carries with it a corresponding limitation in
the rational decisions that may be made with respect to transportation.
Conversely, transportation plans cannot be effectively implemented
without some land use controls.

Transportation systems serving some of the urban areas in the
Coastal Zone span numerous political jurisdictions (cities and counties);
yet, they must function as an integral system. Existing institutional
arrangements do not lend themselves to proper planning and implementa-
tion of transportation systems serving such areas. The power for land
use management is vested in the various cities, and there is no re-
quirement for coordination between cities within the same urban area.
Traditional land use controls are not designed to provide the type of
land use management needed to shape, or re-shape, urban forms for com-
patible transportation systems.

Urban Areas in the Coastal Zone are expected to experience tremen-
dous growth during the next 30 years. Future transportation problems
in these urban areas will largely depend upon how well the various
governmental agencies plan new developments and transportation systems;
however, even the best plans are of 1ittle value if they cannot be
implemented.

A study is needed to identify and evaluate institutional arrange-
ments and procedures needed for effective transportation planning and
implementation. The recommended study will include the following tasks:

(1) 1dentify transportation planning procedures and land-use
management tools currently being used in Coastal Zone
areas and evaluate their effectiveness; -

(2) Ildentify and evaluate new procedures and tools that
might be used;

(3) Define the advantages and disadvantages that would result
if transportation planning and appropriate land use
management functions were performed by various levels of
government (city, county, council-of-government, state,
or others);

(4) Formulate several suitable alternative arrangements for

accomplishing effective transportation planning and im-
plementation and evaluate the consequencies of each;
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(5)

(6)

Identify the institutional changes that would be necessary
under each of the alternatives studies; and

Report results of study to appropriate State and local
governments. _ :
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ENVIRONMENTAL STUDY

The Coastal Zone of Texas contains the most diverse grouping of
valuable natural resources in the State, and these resources are parti-
cularly susceptible to permanent damage from pollution. The Coastal
Zone also contains major elements of every mode of transportation which
are essential for the economic livelihood of the area. Unfortunately,
all modes of transportation must have some impact upon the environment,
but steps can be taken to minimize the damaging effects of transporta-
tion upon the critical environmental units of the Coastal Zone. However,
more information is needed before an appropriate plan of action can be
formulated.

A study of the environmental effects of Coastal Zone transportation
systems is recommended. This study should include the following tasks:
(1) Survey operating conditions of various Coastal Zone

transportation elements;

(2) Evaluate the environmental effects from each mode of
transportation;

(3) Identify situations that have a significant impact on
critical environmental units along the coast;

(4) Evaluate alternative remedial actions, their effective-
ness, and the estimated costs of each; and

(5) Develop a plan of action for minimizing the environ-

mental effects of transportation systems in the Coastal
Zone, '
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SUPER-PORT STUDY

The maximum depth currently available at any Texas port is only
40 feet so they cannot serve ships exceeding 50,000 deadweight tons.
The average size tanker being built today is over 100,000 deadweight
tons and the sizes are rapidly increasing. The net result is that Texas

_ports cannot serve economical size ships today, and unless something is

done, they will not be able to compete in future ocean traffic.

This problem is not unique to Texas. The Corps of Engineers is
currently conducting a study of the feasibility of constructing super-
ports to serve the northeastern seaboard and the Gulf Coast. However,
this study will not be completed for three years, and even then, it will
not answer some of the questions that are vital to the State of Texas.

A super-port study is needed which would complement the work of
the Corps of Engineers but would answer questions that are unique to
Texas. This study should include the following tasks:

(1) Evaluate the various alternative approaches (Refer to
page VI-5 for listing of alternatives) to identify major
problems of each that would require attention of the
State;

(2) Analyze commodity flow in ocean traffic to and from Texas
today and project future demands;

(3) Evaluate the changes in other modes of transportation
needed to support increased ocean traffic under each of
the alternatives studied;

(4) Identify significant economic, industrial, and social
considerations relative to the specific location of
super-draft port facilities along the Texas Coast;

(5) Work closely with the Corps of Engineers to minimize
dupTication of effort and maximize effectiveness of both
studies; and

(6) Develop a plan of action for State efforts toward main-

taining a viable ocean-going transportation industry in
Texas.
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INLAND WATERWAY STUDY

The Texas portion of the Gulf Intracoastal Canal is connected to
an extensive inland waterway network serving the heartland of the nation.
However, the connecting link is the highly congested segment of canal
through Louisiana which has several locks along its length. These
locks are currently acting as severe bottlenecks sometimes causing
barges to be delayed 24 to 30 hours to gain passage. Such delays can
more than double the travel time from Texas to the Mississippi River.

A total of 65 million tons of goods moved along the Louisiana por-
tion of the canal in 1970 - 36 million tons were traveling to or from
Texas. The calculated ultimate capacity of the constraining lock is
only 70 million tons/year if it operates under optimum conditions 24
hours each day of the year. Actually, the average flotilla sizes using
the lock are less than optimum so that the 36 million tons of Texas
traffic requires most of its available capacity.

InTand waterway traffic in Texas has been increasing rapidly over
the Tast 20 years. The growth rate had been such that the volume of
barge traffic doubled every ten years until 1967 when it leveled off.
Traffic congestion in the Louisiana portion of the canal was probably
responsible for this abrupt leveling off in growth rate. The net result
is that future growth in Texas economic activities oriented toward the

waterway will be stymied unless this transportation problem is alleviat-
ed.

The Corps of Engineers has overall responsibility for construction
and maintenance of the inland waterway system. Detailed plans for im-
provements to the locks or canals must be prepared by the Corps of
Engineers; however, the State should have an input to a project of such
vital concern to Texas.

A study is recommended to identify waterway needs of Texas and to
evaluate the various alternatives from the State's point of view. This
study should include the following tasks:

(1) Identify commodity flow (origins, destinations, and
traffic volumes) of goods entering or leaving Texas on
the waterway;

(2) Project the increases in transport capacity needed in
the next 20 years if economic growth in Texas is not to
be stymied;

(3) Evaluate the various alternative solutions (Refer to page
VI-10 for Tisting of alternatives) in greater detail;

VIII-6



Y N 1]

A

1 -

-

mE N A

(4)

(5)

Identify ways to handle increased traffic demands between
now and the time that waterway improvements can be accom-
plished; and

Develop a plan of action for the State of Texas relative
to waterway improvements.
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RECREATIONAL TRAVEL AND FACILITIES STUDY

The many miles of beaches and numerous bays and estuaries along the
Texas coast have tremendous potential for recreational uses. Almost 3
million tourists visited the Gulf Coast of Texas in 1969, and they
spent more than 190 million doliars. Yet, the potential for recreational
uses of this area have hardly been tapped. The demand, for recreational
facilities is expected to increase rapidly in the future because of
shorter work weeks and higher average incomes.

Indiscriminate developments along the coastline, however, can per-
manently destroy some of the natural attractions of the area. Indeed,
the remoteness of Padre Island is one of the main features that attracts
campers. Transportation facilities provide the access and accessibility:
that are necessary for development; therefore, they are the key to
effective land-use management along the coast.

Capacity requirements for highway facilities in major urban areas
are determined by the demand for week-day work trips. Historically,
highways that had sufficient capacity for typical week~day demands were
more than adequate for week-end recreational travel demands. However,
the rapid growth in recreational travel has resulted in the peak de-
mands on some urban facilities occuring during the week-ends. Yet,
very little attention has been devoted to identifying the characteris-
tics or recreational travel so the information needed to properly
respond to this demand is not available.

A study of recreational travel and possible new facilities in the
Coastal Zone is needed if future demands are to be met in a manner most
compatible with the goals of the State. This study should include the
following tasks:

(1) Identify and project the demand for various types of
recreational uses;

(2) Identify the characteristics of recreational-type trips
in the Coastal Zone;

(3) Evaluate the various alternatives (see page V1-12) for
transportation facilities serving the beach and coast in
greater detail; and

(4) Develop a plan of action, including policy consideration,
for development of recreational resources of the Coastal
Zone in a manner that is compatible with the goals of
the State.
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TRANSPORTATION CORRIDOR STUDY

Transportation corridors connecting major urban areas in the
Coastal Zone and other portions of Texas will be needed as long as
these activity areas exist. Future transportation facilities serving
the need for movement of persons and goods may change drastically with
time but the overali function of the corridor will remain the same.
After all, none of the mechanized modes of transportation in use today
are much more than 100 years old, but the corridors that they serve
are much older,

Experiences in the Northeastern Corridor of the nation (Refer to
Section V) have demonstrated the importance of transportation corridors
between major urban areas. Also, these experiences have shown that
the traffic carrying capacity of such corridors can be seriously limit-
ed by land development that tends to occur along them. If positive
steps to protect transportation corridors are not taken, the same pro-
blems will occur in the Coastal Zone.

Existing surface transportation demands are being served by various
highway, railroad, and pipeline facilities located independently so that
they probably occupy more total Tand area than would be necessary in a
consolidated transportation corridor. Because land development occurs
immediately adjacent to these individual facilities, future increases
in capacity will require expensive land acquisition or relocation of
routes. Thus, adoption of the permanent transportation corridor concept
can result in less total land area being devoted to transportation and
still provide greater flexibility for future needs.

A study of transportation corridors within, and radiating from,
the Coastal Zone is recommended. This study should include the follow-
ing tasks:

(1) Identify those major transportation corridors which are
in existance today and those which might be needed in
the foreseeable future;

(2) Identify existing transportation facilities serving these
" corridors - their location, right-of=way width, existing
capacity, and the volume of traffic being carried by each;

(3) Determine the number of similar type facilities that
would be required to handle various multiples of the
current traffic volumes, and define the minimum width
corridor necessary to serve these various traffic volumes;
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Evaluate the alternatives and consequencies of various
specific corridor locations; and

Evaluate various procedures for governmental acquisition
of right-of-way and provisions for short-term use of
excess land, and identify the legislative changes nec-
essary to permit such actions; and

Develop a plan of action for obtaining and protecting
permanent transportation corridors.
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